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B.C.E., 5, 1, 12. U.D.C. No. 66.045:1-974 
LES ECHANGEURS DE CHALEUR 
A BASSE TEMPERATURE 
par P. M. Shuftan 

Une revue d’ensemble des différents genres 
d’appareils de transfert de chaleur utilisés dans les 
installations de séparation des gaz a basse tempera- 
ture, le régime de leur exploitation et les buts 
poursuivis dans leur construction. Les effets de la 
contamination, l'importance des différences de 
temperature reduites au cété chaud (point d’entrée 
de l'air comprimé et de sortie de l’azote), des pertes 
de charge basses et des differences de température 
peu importantes dans les rechauffeurs sont des 
facteurs d'importance particuli¢re dans I’économie 
des procédés 4 basse température. 


Kurzreferate 


B.C.E., 5, 1, 12. U.D.C. No. 66.045:1-974 
TIEFTEMPERAT URWARMEAUSTAUSCHER 


von P. M. Shuftan 


Eine Ubersicht der verschiedenen in Tieftempera- 
turgasabscheidern benutzten Arten von Wirme- 
ibertragungsgeriten, ihrer Betriebsverhaltnisse und 
der in ihrer Planung verfolgten Ziele. Der Einfluss 
der Verunreinigung, die Bedeutung von niedrigen 
Warmegradunterschieden an der Warmseite (Druck- 
lufteintritts- und Stickstoffaustrittspunkt), niedrige 
Druckverluste und kleine Warmegradunterschiede in 
Aufwarmern sind Gesichtspunkte von besonderer 
Bedeutung fur die Wirtschaftlichkeit von Tief- 
temperaturvorgangen. 


Pe3tome 


B.C.E.. 5, 1, 12. U.D.C. No. 66.045:1-974 


HUSHOTEMMEPATYPHbBIE 
TENNOOBMEHHUHKUH 
Tl. M. Ily@ran 


O630p pasaW4HLIX THNOB yeTaHOBOK Tensonepesaym, 
IIpMMeHAeCMHIX B HHSKOTeEMMepaTYPHHX ra3zooT{eIH- 
Tenax, pexkumMa wx paboTw M Upmnyuna ax 
konetpykumu. Bauanwe sarpasnenna, ne6orbmme 
TemiepaTypHwe pasIMIHA B ¢TeNIOM KONIC, T.e. UPA 
Bxoqe cxaTOrO BOSYXa HM BHXOMe asoTa, HHSKHe 
noTepH aBAeHHA H HehOIbUIMe TeMMepaTypHHe nepe- 
Nah B HOLOrpenaTeaAAX ABIAWTCA OCOOeHHO BAXHLMH 
daxTropama 8 9KOHOMHKe HM3KOeTMTepaTypHNx 
Tpormeccos. 





B.C.E., 5. 1, 15. U.D.C. No. 662. 995-974: 
66.045. 1-974 

L’APPLICATION DES REGENERATEURS ET 
DES ECHANGEURS DE CHALEUR 
REVERSIBLES 
por D. E. Ward 

Les échangeurs de chaleur a basse temperature 
doivent étre auto-nettoyables, compacts, peu codteux 
et capables de fonctionnement avec des différences 
de température trés reduits. Les avantages relatifs 
des échangeurs reversibles et des régénérateurs pour 
les taches de transfert de chaleur a basse température 
sont compares 


B.C.E., 5, 1, 15. U.D.C. No. 662. 995-974: 
66.045. 1-974 

DIE ANWENDUNG VON REGENERA- 
TOREN UND REVERSIERWARMEAUS- 
TAUSCHERN 
von D. E. Ward 

Tieftemperaturwarmeaustauscher miissen  selbst- 
reinigend, kompakt und billig sein und die Faihigkeit 
besitzen, mit sehr kleinen Warmegradunterschieden 
zu funktionieren. Die relativen Vorteile von 
Reversieraustauschern und Regeneratoren fiir 
Zwecke der Tieftemperaturwirmeiibergabe werden 
verglichen. 


B.C.E., 5, 1, 15. U.D.C. No. 662. 995-974: 
66.045, 1-974 


MPAMEHEHME PEFEHEPATOPOB U 
PEBEPCHBHbIX TENNOOBMEHHUHOB 


JI. 9. Yopx 


HuskotemnepatypHne Tena00OMeHHHKH O2%KHN 
OT CAMOOURMANNINMHCH, KOMMAKTHNMH, He0- 
pormMne H cnoco6HuLiMH paboTaT, lpu BechMa HeEOOAbIINX 
TemlepaTypHHx pasamimax. ConoctapzeHnW OTHOCH- 
TeALHHC LOCTOHHCTBA PeBePCHBHHX Ten1006MeHHAKOB 
M perenepaTopos jaa nexeil HH3KOTeMMepaTypHol 
TenwoneperaqH. 





B.C.E., 5, 1, 18. U.D.C. No, 66.045.1:66.074.8 
LES APPLICATION ET LA CONSTRUCTION 
DES ECHANGEURS DE CHALEUR A 
PLATEAUX JOINTS PAR DES NERVURES 
par W. H. Denton et D. E. Ward 

Les avantages de |’échangeur de chaleur a plateaux 
joints par des nervures pour le transfert de chaleur 
et l'épuration des gaz dans les séparateurs de gaz 
a basse température sont discutés. Des méthodes 
sont décrites, avec quelques exemples, pour la con- 
struction de ces agrégats pour des taches spécifiques 
de transfert de chaleur et de perte de charge, ainsi 
que pour l'estimation des effets de mauvaise 
distribution d’écoulement. 


B.C.E., 5, 1, 18. U.D.C. No. 66.045.1:66.074.8 


DIE ANWENDUNG UND DIE AUS- 
FUHRUNG VON WARMEAUSTAUSCHERN 
MIT RIPPENVERBUNDENEN PLATTEN 


von W. H. Denton und D. E. Ward 


Die Vorteile des Warmeaustauschers mit rippen- 
verbundenen Platten fiir die Warmeubergabe und 
Gasreingung in Tieftemperaturgasabscheidern wer- 
den besprochen. An Hand von Beispielen werden 
Verfahren zur Ausfiihrung dieser Aggregate fur 
spezifische Zwecke der Wirmeiibertragung und 
Druckfallung, sowie zur Schitzung der Wirkungen 
einer eventuellen Stré6mungsmisverteilung angegeben. 


B.C.E., 5, 1, 18. U.D.C. No. 66.045.1:66.074.8 


NPUMEHEHUA VU HOHCTPYHUMA 
NNACTUHYATO-PEBPUCTbIX 
TENNOOBMEHHUHOB 

Y. X. Jlenron u JI. 9. Yopaz 


ObcyxawTen npeuMymectTBa nAacTHH4AaTO- 
peOpmeTHX Ten006MeHHHKOB JA Tenqonepexayn B 
HM3KOTeMMepaty pHHX razooTRemnTenAax. II pasog_stes 
enocobul H NpHMeph KOHCTPYKUNH TakHX arperaToB 
JIA ONPeeACHHHIX 3alat OTHOCHTeALHO TensONe pean 
mM Hepenaya fapzenus, & Takxe ONeHKH BAMAHHA 
HepalMOHatbHoro pacipeleteHHA NOTOKAa. 





B.C.E., 5, 1, 27. U.D.C, No. 66.045.1 
LES ECHANGEURS DE CHALEUR A 
SURFACES SECONDAIRES 
par A. G. Lenfestey 

La construction des échangeurs de chaleur 4 
plateaux ondulés et les possibilités d’aménagement 
de ce type de surface sont décrits, ainsi que les 
applications de ces derniers aux procédés de basse 
température et leurs caracteristiques de transfert de 
chaleur. 


B.C.E., 5, 1, 27. U.D.C, No. 66.045.1 
WARMEAUSTAUSCHER MIT SEKUNDAR- 
OBERFLACHEN 
von A. G. Lenfestey 

Die Bauweise von Wirmeaustauschern mit Well- 
platten und die méglichen Anordnungen von Ober- 
flichen dieser Art, sowie auch ihre Anwendungen 
in Tieftemperaturvorgingen und ihre Wirmeiiber- 
tragungseigenschaften werden beschrieben. 


B.C.E., 5, 1, 27. U.D.C, No. 66.045.1 
TENNOOBMEHHUMHM C BTOPUYHbIMU 
NOBEPXHOCTAMU 
A. Jl. Jlenpecreit 

ABTOp ONMCHBAeT KOHCTPYKUMW TeNAOOO MeHHMKOR ¢ 
BOJHHCTHMH [AacTHHAMH HM HeKOTOpHe BOSMOZXKHHE 
pacnpexerzenua nopepxHocteil Takoro Tuma, HX mpH- 
menenme Jf HNSKOTeMMepaTypHNX mpomeccos, a 
TakxKe HX Tensonepe_aqHyw XapakTepucTuky. 





B.C.E., 5, 1, 33. U.D.C. No, 662.995 
UNE THEORIE SIMPLIFIEE SUR LES 
REGENERATEURS 
por W. F. Schalkwijk 

L’auteur dérive une formule simple pour le calcul 
du rendement d'un régénérateur, basée sur le fait 
qu’en pratique la plupart des régénérateurs possédent 
un champ de température linéaire dans leur centre. 


B.C.E., 5, 1, 33. U.D.C. No. 662.995 
EINE VEREINFACHTE REGENERATOR. 
THEORIE 
von W. F. Schalkwijk 

Eine einfache Gleichung zur Berechnung der 
Leistung eines Regenerators wird abgeleitet. Die 
Gleichung beruht darauf, dass die meisten Regenera- 
toren in der Praxis ein lineares Temperaturfeld in 
ihrer Mitte aufweisen. 


B.C.E., 5, 1, 33. U.D.C. No. 662.995 


YMPOWEHHAR TEOPHVA PETEHEPATOPOB 
B. ®. Maapxssiix 

Buneqeno mpocroe ypapnenme aA pacteTa K.m.2. 
perenepaTopa, OcHOBaHHOe Ha TOM, 4TO GombmMHCTRO 
perenepaTopos Ha MpakTuke muMewT amHelinoe Tem- 


nepaTypHoe moze B ChoeM HeRTpe. 





B.C.E., 5, 1, 35. U.D.C. No. 662.995:66.012.7 


ETUDE GENERALE DU RENDEMENT ET 
DES COUTS DES REGENERATEURS 
par H. London 

L’importance des facteurs différents agissant sur 
la construction des régénérateurs, notamment perte 
de charge, distribution d’écoulement, conduction de 
chaleur longitudinale et retention des gaz, est 
discutée. On dérive une serie de formules fournissant 
un moyen de construire les régénérateurs 4 un coit 
global minimum. 


B.C.E., 5, 1, 35. U.D.C. No. 662.995:66.012.7 
ALLGEMEINE BETRACHTUNGEN UBER 
DIE LEISTUNG UND KOSTEN VON 
REGENERATOREN 

von H. London 

Der Einfluss verschiedener Faktoren auf die Aus- 
fiihrung von Regeneratoren, wie z.B. Druckgefille, 
Strémungsverteilung, lingsweise Warmeleitung und 
Gasaufhaltungsvermogen, wird besprochen. Eine 
Reihe von Gleichungen wird abgeleitet ; diese bieten 
einen Weg zur Planung von Regeneratoren zu 
Mindestgesamtkosten. 


B.C.E., 5, 1, 35. U.D.C. No. 662.995:66.012.7 


OBUME COOBPAMEHWA O H.N.D. MU 
CTOUMOCTU PETEHEPATOPOB 
X. Jlongzon 

PaacmaTpupaetcn 3HayeHHe HeKOTOpHX daKkTopos, 
BAUAWIMAX HA KOHCTPYKUMW perenepaTopos, Kak Hamp. 
nepenaqa janrzenua, pacnpexemenua moToKa, mpo- 
OAbHOM TenaoNpoBo_HOCTH mM raz0yzepxXHBaDMel 
enoco6uoctn. IIpusoqutes pag ypapnenuit, obec- 
newRawmax cnoco6 KOHCTpyKUMH pereHepaTopoR 
MHHHMaALHOn o6met croumoctu. 





B.C.E., 5, 1. 37. U.D.C. No. 66.045.2:66.048.2 
TRANSFERT DE CHALEUR ACCOM- 
PAGNANT LA CONDENSATION DE 
VAPEURS MIXTES 
por G. G. Haselden et W. A. Platt 

Une critique des méthodes actuels pour le calcul 
des coefficients de couches de condensation pour 
les différences de température reduites. Les éléments 
de construction requises d’un condensateur approprié 
pour les charges de basse temperature sont indiqués 
et une construction efficace est décrite. 


B.C.E., 5, 1. 37. U.D.C. No. 66.045.2:66.048.2 
DIE DER KONDENSATION VON 
GEMISCHTEN DAMPFEN BEIFOLGENDE 
WARME UBERGABE 
von G. G. Haselden und W. A. Platt 

Eine Kritik der verfiigbaren Verfahren zur 
Berechnung der Kondensationsschichtkennziffern fur 
geringe Warmegradunterschiede. Die notwendigen 
Konstruktionsmerkmale eines fiir Tieftemperatur- 
gefille geeigneten Kondensators werden angegeben 
und eine wirksame Ausfiihrung wird beschrieben. 


B.C.E., 5, 1. 37. U.D.C. No. 66.045.2:66.048.2 
TENNONEPEQAYA, CONPOBOMAZANIWIAAR 
HOHZEHCAUMW CMEWAHHbIX MAPOB 

Ji. Jax. Xosengen wu Y. A. Iaarr 


Kpuraxa cymectsyiwmux cnoco6os pacieta Koad- 
Ounenta KON_eHCaNHOHHWX BaeHOK Aaa HeGombMAX 
TemmepaTypHnx pasauqmit. Jlaeten Kpatkuit o630p 
HeO6OXOAMMHIX KOHCTPYKTHBANX ocobenHOCTeit KoH- 
encaTopa JAA HH3KOTeENIOBHX Hanopon # OnNcanHe 
apdbextTuBHoft KONCTPYKNAEH Takoro KOn,eHCaTOpa. 





B.C.E., 5, 40. U.D.C. No. 66.045.1:66.074.8: 
66.012.7 


L’ECONOMIE GENERALE DES 
ECHANGEURS DE CHALEUR A 
PLATEAUX JOINTS PAR DES NERVURES 
por W. H. Denton 

Les frais de consommation d’énergie et de premier 
établissement des échangeurs de chaleur constituent 
une partie considerable des frais globaux des 
procédés se deroulant a moins de 100° K environ. 
Les installations de distillation a lair et au hydrogéne 
en fournissent des exemples. A l'aide d’exemples 
de construction optimum de ces échangeurs, |’auteur 
démontre que les frais d’énergie de refroidissement, 
de pertes de charge et de premier établissement 
TO wm restent toujours dans une relation 
le 3:1:2. 


B.C.E., 5, 40. U.D.C. No. 66.045.1:66.074.8: 
66.012.7 
ALLGEMEINE WIRTSCHAFTLICHKEIT VON 
WARMEAUSTAUSCHERN MIT RIPPEN- 
VERBUNDENEN PLATTEN 
von W. H. Denton 
Die Energie- und Kapitalanlagekosten von Warme- 
austauschern stellen einen bedeutenden Teil der 
Gesamtkosten von unter etwa 100° K verlaufenden 
Verfahren dar. Beispiele davon- sind Luft- und 
Wasserstoffdestillieranilagen. An Hand von Bei- 
spielen der Optimalausfihrung solcher Austauscher 
wird gezeigt, dass die Kosten der Kihlenergie und 
der Druckverluste und die Kapitalkosten stets in 
einem Verhaltnis von 3: 1:2 zueinander stehen. 


B.C.E., 5, 40. U.D.C. No. 66.045.1:66.074.8: 
66.012.7 


OBLWIAA 3HOHOMUHA NNACTUHYATO- 
PEBPUCTbIX TENNOOBMEHHUHOB 
Y. X. Jlewron 

CroumocTh 9aeKTpOoHeprHa AM KannTaqo0emKoctTs 
TeNAOOOMCHAHKOR MpeNeTaBAAWT SHAINTeALHYW WACT 
o6meii cTOMMOCTH mMpomeccoB, mpoTekaiomux mnpH 
Temlepatypax naxe oKon0 100° K. Iipamepamn atroro 
ABIAWTCA BOILYXO — HM BOLOPORONeperonnMe yera- 
noskn. Ha mpmMepax onTumaabnof KonerpyKuun 
TAKHX TeNA00GMeHHHKOB NOKa3SaHO, TO cTOMMOCTH 
XOU0RHAbHOM onepram, NoTepew Hanopa mu Kanmra- 
MOBAOMCHAA BCETTA HAXOAATCA B OTHOMeHHH 3:1 2 
eooTBeTCTBeHHO. 
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DIG E ST OF INDUSTRIAL AND TECHNICAL DEVELOPMENTS 


Rising Soviet Potential for Automatic 
Control 


HERE is little evidence of current work ir the Soviet 
Union on the more advanced forms ov*tontrol of 
chemical processes but a great potential is being built up 
for further developments in the form of large well-equipped 
research organisations and considerable numbers of engin- 
eers trained in these fields. Earlier this year a team of six 
British engineers visited five Soviet research institutes con- 
cerned with control systems. Of these two had been estab- 
lished for only two years and one for three. At the Central 
Institute of Automation of the Ukraine, at Kiev, which 
then had 700 employees, there were plans for new buildings 
to be completed in three to four years providing for an 
increase in the number of personnel to 4000. This Institute 
—like the central one in Moscow—will study develop- 
ments of automation in heavy industry, including chemical 
plants. 

In their report,* the team issue a warning against com- 
placency based on present-day comparisons. Institutes only 
two or three years old cannot yet have made their weight 
felt in industrial applications so that present achievement 
is no proper measure of the large potential for progress. 
The groups in Britain for research and development in civil 
applications of automatic control are very much smaller 
than those now existing in the Soviet Union, and the con- 
trast is still greater in respect of expectations for the near 
future. They sombrely conclude that in a few years the 
application of automatic control in Soviet industry will 
have overtaken that in this country. The stage will then be 
reached at which leadership will depend upon the break- 
ing of new ground. However, it should be noted that there 
will be an excellent opportunity to develgp communica- 
tions with Russia by attending the conference of the Inter- 
national Federation of Automatic Control in Moscow, in 
July 1960. 

One member of the team, PROFESSOR TUSTIN, also 
visited Poland. Here it appeared that the work, though 
well chosen, was at present more preparatory than effective 
in actual industrial application. 


* ** Automatic Control in Soviet Industry.” 
Industrial Research. 


Department of Scientific and 


Piping New 

HEAPEST form of transport for fluids overland is 

usually by pipeline. However, the main obstacle is 
the very high capital cost of construction. It is therefore 
of considerable interest that Pipes and Pipelines have 
initiated a new section devoted to pipeline engineering 
(October, 1959). This opens with a review by I. ALEXANDER 
of the trends to thinner pipes, larger ones, “tailor-made” 
pipes and the use of welded construction. Transport costs 
for the pipes themselves are so heavy that there is strong 
incentive to find means of reducing them. On the other 
hand pipe-making plant particularly for large diameter 
welded linepipes and for large seamless pipe is so huge 
that it cannot be relocated near the point of construction 
of a line. Processes are however being devised using 


January, 1960 


machinery which is reasonably transportable and which 
could be located at a port or railhead near the point of 
construction. One remarkable example of this type of 
machinery is the Spiral or Helical welding type of machine 
which uses steel strip in large coils. By deforming the 
strip through certain prescribed angles, it can produce 
pipe without the use of a great deal of electric or other 
energy and without much limitation on lengths produced. 
With present methods, however, this type of machine is 
capable of producing good linepipe at the low conversion 
cost of between $6 and $8 a ton, including all costs (based 
on U.S. wage levels) other than the cost of the parent 
metal itself. 

In other contexts, uses of piping are also likely to be 
extended by the improvements in quality and application 
of PTFE lining—claimed to be resistant to temperatures 
up to 260°C, unaffected by almost all chemicals and 
almost universally useful for corrosion-proof service. The 
only reagents to which it is vulnerable are molten alkali 
metals, and free fluorine at elevated temperatures and pres- 
sures. By new processing techniques somewhat resembling 
those used with ceramics it has been applied to piping 
ranging from 1 in. to 6 in. diameter. 


Growing Attention to Standards 


S the frontiers of science and technology advance, the 

variety and complication of plant increases. It is 
understandable that men in many countries should strive 
to limit the diversity in design which arises from differences 
in convention rather than in fundamentals and also to en- 
sure that units mean exactly the same thing to all workers. 
Evidence of this trend to standardising reaches us con- 
tinuously. In B.S.J. News for November, 1959, Mr. W. R. 
BESWICK, chairman of the B.S.I. Chemical Engineering 
Industry Standards Committee contributes a review of the 
brochure on relevant specifications which we noted last 
month. In this Mr. Beswick refers to the great impor- 
tance attaching to structural safety of vessels under varying 
degrees of pressure, vacuum or temperature; to materials 
of construction which will withstand surface attack ; and 
interchangeability of valves, flanges and fittings in order 
to relieve the already onerous task of the works mainten- 
ance engineer. 

It is noteworthy that a recent copy of Chemische Tech- 
nik (Vol. 11, No. 10, 1959) reveals the considerable efforts 
now being made in East Germany to tidy up variations in 
views on both plant design and the meanings of technical 
terminology. Two articles are devoted to standardising 
equipment and procedure in the chemical industry while a 
further one proposes definitions for meanings of words 
used in technical terminology. The latter is considered 
necessary because there are varying interpretations in the 
literature. In the U.S.A. the National Bureau of Standards 
is expanding its services by now distributing 60,000 samples 
of standard materials a year to other laboratories for use 
in controlling chemical processes and in maintaining the 
accuracy of apparatus and equipment. A total of over 








600 different materials are available from the Bureau— 
principally chemicals, ceramics, metals, ores, and radio- 
active nuclides. They are intended to promote uniform 
measurements of heat and temperature, define the colours 
of paints, and calibrate instruments that control the com- 
position of metals and motor fuels. 

In the high-pressure programme, effort is being directed 
towards extending to higher pressures those techniques 
that are now used to generate and measure pressures below 
200,000 psi. These pressures can now be measured by dead- 
weight-loaded pistons that are not packed to prevent pres- 
sure fluid from leaking. Instead, the clearance between 
piston and cylinder is made so small that leakage is kept 
within a few cubic inches per month. This type of appara- 
tus may be found usable, with a fluid pressure medium at 
pressures as high as 350,000 or 400,000 psi. 


Improving the Filtrability of Sugar 
Solutions 


T appears likely that many mills could improve the 
filtrability of their raw sugars by reducing the amount 

of suspended matter passing over from the clarifiers in the 
clarified juice. After extensive chemical and chemical 
engineering investigations, C. W. Davis, Chief Chemist of 
the Australian Colonial Sugar Refining Co. came to this 
conclusion and proposed methods for acting on it. In 
papers published by the /nternational Sugar Journal* Mr. 
Davis proposes that if laboratory clarification tests indi- 
cate phosphate deficiency in juice, 20-40 p.p.m. of phos- 
phorus should be added as superphosphate, since the ideal 
content of available phosphate in juice is thought to be 
around 150 p.p.m, (as phosphorus). In juices containing 
considerably less than this figure it does not appear 
economical to add more than 40 p.p.m. The juice should 
be heated and degasified. The lime as saccharate should 
be added into a positive mixing device, which gives 
sufficient mixing to flow a representative sample past the 
pH electrodes, but does not impart sufficient turbulence 
to break the floc. It is essential to control pH automatic- 
ally, and ensure that available phosphate in clarified juice 
is below 15 p.p.m. (as phosphorus). Some aspects of this 
control are referred to below but it should also be noted 
that it is advisable to protect the electrodes against excessive 
temperature by passing some of the boiling juice through a 
small cooler to the electrode cell. 

However there is no substitute for analysing an existing 
process carefully and checking crucial points such as the 
adequacy of phosphate content in the mixed juice, whether 
lime is being properly mixed with the juice or the flocs 
being damaged due to turbulence. Finally, backing this 
work, must be fundamental research into the natures and 
origins of the substances causing raw sugar solutions to 
filter badly. 

* Oct. 1959, page 300; Nov. 1959, page 332. 


Differential pH control in Sugar 
Production 


HE difference in value between a preset and a measured 

pH may be used—alone or with other information—to 
control sugar production at several stages. In the pre-mix- 
ing the signals can correct the quantity of added lime. At 
the first saturation stage, the same method may regulate 
the input of CO,. It is used alone, however, only if the 
control needed is limited to rather narrow limits, for exam- 
ple, a range of +1.5 pH. Otherwise, according to K. CrHat* 
it is usually coupled with coarse manual control by an 
operator. If fully automatic control is required a second 
pH regulator has to be provided and set to react to large 
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Clear Away All Explosive Dust 


MPROVED “housekeeping” in factories is de- 

manded by a new regulation which comes into 
force on February 1 1960. Accumulations of explo- 
sive dust must now be cleared away wherever they 
occur—in corridors, stairways and the like, not 
simply in workrooms. This is the effect of Section 7 
of the Factories Act, 1959 which amends the princi- 
pal Act. The latter had required certain precautions 
only where dust liable to explode on ignition might 
escape into the workroom. The new section extends 
this statutory provision to any accumulation of such 
dusts. 











deviations of the pH value, such as +10 pH units. Another 
method derives the coarse control (70-80°,) of CO, from 
the flow of the stirred juice and the fine control (20-30%) 
from the differential pH readings. In a Polish plant using 
this technique, pH of the first saturation juice was thus 
maintained between 10.8 and 11.2 pH units. 

The differential pH meter has also successfully been used 
for automatic control of the input of CO, in the second 
saturation process of the juice. The reference solution of 
the meter is set with respect to the minimum number of 
calcium ions in the juice and the difference of pH readings 
is used to control the setting of the CO, valve. To ensure 
that the minimum level of Ca in the product is continuously 
maintained the setting of the valve is changed, in response 
to the change of the pH valve of the juice produced, only 
if this occurs simultaneously with the increase of the num- 
ber of the Ca ions in the product. While the percentage of 
Ca is decreasing no resetting of the CO, valve will take 
place. The quantity of Ca in the product is continuously 
monitored by a flame photometer. 

* Listy Cukrovarnicke, No. 10, 1959, p. 230. 


Fluidised Bed Nuclear Reactor 


S it feasible to design a reactor for nuclear power pro- 
duction using a fluidised bed of fuel pellets ? The pro- 
ject has been examined for the U.S. Atomic Energy 
Commission by the Martin Nuclear Division on the basis 
of having the bed circulate in a confined core region. The 
fluid would act as a fluidising, coolant and reactor modera- 
tor medium. Previous studies of such a system had sug- 
gested several advantages. The fuel burnup would be 
uniform, the conversion ratio higher, while the fuel ele- 
ment could be an unclad uranium dioxide pellet of simple 
shape. With continuous processing, variation of flow and of 
fuel enrichment, reactivity is controlled without the use of 
control rods. In the first phase of the examination there 
has been major emphasis on the uranium-plutonium di- 
oxide, light water systems and preliminary studies on the 
organic moderated system. In addition control problems 
were examined by analogue simulation to arrive at criteria 
for optimising conditions. Erosion tests in water showed 
very little fuel weight loss. Corrosion tests indicated that 
the unclad pellets would be stable in water of high tempera- 
ture reactor grade having concentrations of oxygen up to 
one cubic centimetre/litre. There are however some 
difficulties due to abrasion of unclad fuel pellets and the 
effects of these abrasion fines in the primary loop. Never- 
theless, the conclusion was that the concept offered con- 
siderable promise and a report on the work* makes detailed 
suggestions for the further investigations necessary to pro- 
vide the design data for a reactor system of this type. 


* No. MND-FBR-1696, UC 81 available from the Department of Commerce, 
Washington 25, D.C. $3.50 
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“Home-made” liquid air for research and industry 


PHILIPS GAS REFRIGERATING MACHINE 


Produces 5 litres (1.1 gallon) 
of liquid air per hour at sur- 


PHILIPS 








prisingly low cost; power consump- 
tion.of the motor drive is only 6 kW. 





Full output within 15 minutes 
from start up; continuous su- 





pervision unnecessary - the “fail to 
safety’ principle is applied through- 
out. 


No compressors or pumps for 
sucking in the gas or tapping 
off the liquefied product; air lique- 
fies on stationary cold surface; liquid 




















air drains off by gravity. 








Moisture and carbon dioxide 
removed by freezing;no chem. 





icals, no reactivation required 


ACCESSORIES FOR PHILIPS 
GAS REFRIGERATING MACHINE 


Air separation column for production of 
4—5 litres (1 gallon) of liquid nifrogen 
per hour (more than 500 litres (110 gal- 
lons) per week) 


380 litres cold box for storage, testing 
or cold treatment of materials from room 
temperature down to -160 °C (-255 °F); 
refrigerating capacity at -100 °C: 1110 
kcal/hr (4440 BTU/hr) and at -160°C: 640 
kcal/hr (2560 BTU/hr) respectively 





Sales and service organizations all over the world. 
Full information about this simple, reliable installation supplied on request by: 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN - Scientific Equipment Division - EINDHOVEN - HOLLAND 


Sole distributors in the U.K.: 
Research and Control Instruments Ltd., 207 King’s Cross Road - LONDON W.C.1 
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Which Shales Gum Up Coal Preparation? 


URING coal cleaning by wet processes, some shales 

readily break down in the washeries. This may lead to 
difficulties in clarifying the washery water, filtering the froth 
flotation tailings, or even in conveying the discards, Accumu- 
lation of the mud on rollers and driving drum can bring 
the belt to a halt. At the National Coal Board, a Working 
Panel was set up to investigate the breakdown in water of 
the discards from coal preparation plants, as well as the 
flocculation and filtration of the resultant slimes. A first 
report of this work has now been published by I. BERKo- 
viTcH, M. MANACKERMAN and N. M. Porrer in Journal 
of The Institute of Fuel, Vol. XXXII, No. 227, 1959, page 
579. 

To assess the liability to breakdown, a standardised 
empirical test was developed. Results from this test com- 
pared with those from a pilot-scale jig washer were found 
to give a fair indication of the degree of breakdown of 
the shales as they passed through the plant; they would 
probably provide a relative measure of disintegration for 
standard conditions in a given comparable plant. This work 
is being extended to production units. An interesting dis- 
covery during this programme was that there are wide 
variations in the times for which particles are retained 
in a washer. Associated experiments in a Greaves box jig 
washer used pieces of coal and shale which had been 
painted to aid identification. Most pieces were retained for 
2 to 5 min. with an average time of about 4 min. ; indivi- 
dual pieces were retained for times ranging from 14 to 12 
min. By observing the behaviour of the marked pieces as 
they entered the washer it was obvious that different pieces 
were taking different paths through the plant; some dis- 
appeared immediately into the bed whilst others remained 
in view for some time, 


Flameless Brazing by Hot Gas 


STREAM of hot inert gas—mainly argon—is the effec- 
tive heating agent in a new brazing torch now being 
patented by the U.K. Atomic Energy Authority. Its devel- 
opment arose from the difficulties found in attempts to join 
reactive metals such as uranium and thorium to other 
metals by means of oxy-gas brazing. The reactive metals 
are easily contaminated by the oxygen, nitrogen, carbon 
monoxide, carbon dioxide and water vapour produced by 
an oxy-gas torch. This led to the concept of using an argon- 
rich gas raised to (unspecified) high temperatures by an 
intense electric arc. A supply duct passes the gas through 
the arc which is initiated by a high frequency discharge 
and maintained by a 60 volt d.c. supply, one electrode 
being kept at earth potential. A fine pointed jet is produced 
which blankets the surface under treatment and protects 
it from contaminating gases. Temperature is controlled by 
adjusting the power input. The torch can easily be adapted 
for duties such as local heat treatment and stress relieving 
or softening metals for bending. It should be suitable for 
use when fabricating in zirconium, titanium and beryllium, 
or for accurate cutting of stainless steel at high speeds. 


Disentangling the Processing of Wool 


HE wool textile industry is not normally considered as 

a field for applying chemical engineering methods 

but we recently received news of interesting developments 
in Australia and Britain. From Melbourne, Dr. F. G. LEN- 
Nox® has informed us of his plans to increase knowledge 
on the structure and chemistry of wool and to devise new 
wool processes arising out of this work. A three-year 
fellowship has been offered for a chemical engineer to carry 
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Chemical Exports Rise 


ws the first 10 months of 1959 chemical exports 
were 11.1% higher than in the corresponding 
period of last year. This must be set against the fact 
that last year there had been a fall of 2%. Neverthe- 
less, the rise in exports of chemicals was the largest 
among the main categories of manufactures. Out- 
standing gains were shown by plastic materials— 
about one eighth of the total—which registered 
27.0% and the composite group chemical elements 
and compounds—a quarter of the total—at 15.6%. 











through both this development and the “application of 
general chemical engineering principles in the wool textile 
industry.” 

Meanwhile at the Wool Industries Research Association 
in Leeds, there has been great progress in design of new 
types of driers, particularly for loose wool, since the end 
of the war. Compared with the performance of pre-war 
equipment the reduction in steam consumption is from 
4-1.5 lb. of steam per Ib. of water evaporated. In addition 
the new machines give much less entanglement of the wool 
and cheaper combing. Dr. A. B. D. Cassie, Director of the 
Association, points out that wet treatment of masses of 
fibres at any stage is essentially a chemical engineering 
problem. There is, for example, the difficulty of transfer- 
ring heat through masses with such good heat insulation and 
retaining constant concentration of chemical components 
such as dyestuffs in a liquor flowing through what is 
essentially an absorption filter. Again, improving the scour- 
ing and milling of pieces of cloth involves studies of the 
expression of liquors by nips and the danger of cracking 
soaps by changing too rapidly from a solution of one 
strength to one of much lower strength. 

The Association has also developed a metering pump 
to deliver controlled quantities of oil independent of vis- 
cosity or state of emulsification of the oil. 


* Chief of the Division of Protein Chemistry, Wool Research Laboratories, 
Commonwealth Scientific and Industrial Research Organisation. 


Sintering Aluminium/Aluminium Oxide 
Powder 


INTERED masses cannot be produced from aluminium 
powder containing oxide by ordinary sintering treat- 
ments, that is by heating to temperatures below the melting 
point and holding at these temperatures ; it is found essen- 
tial to submit the sintered mass to a subsequent hot-form- 
ing process. Why is this? At a recent symposium on 
powder metallurgy* E. M. Mopt-ONiTscH suggested that 
this was connected with an unexpected temperature rise 
found on heating the cold-pressed powder in nitrogen to 
525°C. The ground aluminium oxide Al,O, (OH), de- 
composes upon being heated—apparently very abruptly 
in the temperature range 525°-550°C.—forming 
A1,O, ,,(OH),.+nH,O. The metallic aluminium then 
reacts with this water giving Al,O,+3H, The last reaction 
is markedly exothermic, which would account for the 
sudden temperature increase. Probably in the sintering 
adhesion forces are effective in the first instance, with 
atomic and molecular regroupings taking place in addition 
and doubtless assisting the process. The temperature in- 
crease of 100°C. might explain the fact that it is possible 
at all to sinter a system consisting of two constituents with 
such widely differing melting points as aluminium oxide 
and pure aluminium, into a more or less solid mass at the 
relatively low sintering temperature of 550°-600°C. 


British Chemical Engineering 








USES PART OF THE 


OATS So 6s iB ats RS 


“as 


- 
. 


FOR CONTROL OF :— 


FEED TO FILTERS, EXTRACTORS, etc. 











FLOSTAT TYPE ‘V’ (1” size at £64) STANDARD FLOSTAT WITH 
VARIABLE ORIFICE FITTED. CALIBRATED AS REQUIRED— 
MAXIMUM] FLOW RANGE 10:1 FOR 1°, ACCURACY. FOR 
CONTROL OF :— 

BURNERS 

CHEMICAL PLANT UNITS (Stills, Evaporators, etc.) 

CHEMICAL PROCESSES OF ALL KINDS. 
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FLOW CONTROL FOR 1960 


THE MOST SIMPLE AND INEXPENSIVE METHOD OF FLOW CONTROL 


PRESSURE ENERGY OF THE FLUID 


TO OPERATE THE CONTROL VALVE ENTIRELY AUTOMATICALLY 


The controller employing this principle is the Flostat, first made in 
1955 but now of proven value in many industries—from Food to Atomic 
Power. 


The Flostat self-acting flow controller applies the pressure differential 
at a built-in metering orifice to a pressure-responsive element which is 
diregefy connected to a balanced control valve. Variations in upstream 
and downstream pressure tending to alter the flow rate through the 
orifice result in very rapid readjustments of the valve opening so that 
the flow rate is kept constant. 


Standard Flostats with factory calibrated (non-adjustable) setting have 
been found to be ideal for many fixed flow control applications where 
the high cost of power-operated controllers could not be justified. It 
became clearly apparent that the modest cost of Flostats could soon be 
recovered by improving plant efficiency (e.g. filters), by eliminating 
manual adjustments (e.g. constant blending) or by preventing waste of 
service fluids. 


The point has now been reached when 100 Standard Flostats have 
been installed on a single new plant—an impressive testimonial to the 
robust reliability of an essentially simple design. 


STANDARD FLOSTAT (1}” size at £48) BALANCED DOUBLE-BEAT A natural development from the Standard Flostat has been the Type 
POPPET VALVE AND METAL BELLOWS. FACTORY CALIBRATED ‘VY’ (variable orifice) Flostat. This is fitted with a calibrated control 
TO USER'S SPECIFICATION WITH NORMAL ACCURACY 1%. which enables the rate-of-flow setting to be altered within a 10:1 flow 


range. Thus the advantages of the Flostat method of flow control are 


SERVICE FLUID DISTRIBUTION (Water, Air, Brine, Solvent, ow made available to many more industrial processes. 
Steam, etc.) BLENDING AND DILUTION PROCESSES 


The need for an even more simple rate-of-flow limiting device, as a 
means of improving plant safety, has led to the development and pro- 
duction of the Type ‘B’ Flostat. In place of the bellows and poppet 
valve of the Standard instrument, the Type ‘B’ Flostat uses a 
“ Bellofram ” and spring with a butterfly valve which, in normal flow 
conditions, offers the minimum resistance to flow through the instrument. 


> 


FLOSTAT TYPE ‘B’ (4” size at 
£56) BUTTERFLY VALVE WITH 
*BELLOFRAM” AND SPRING. 
FACTORY CALIBRATED GOV- 
ERNOR IMPOSES MINIMUM 
RESTRICTION TO NORMAL 
FLOW BUT PREVENTS EXCESS- 
IVE FLOW AS PRESSURE IN- 
CREASES. FOR LIMITATION 
OF FLOW :— 

TO PROTECT PLANT AND 
METERING EQUIPMENT 
FROM SURGES 

TO PREVENT BUILD UP OF 
STATIC CHARGE 





Also available are: The Flostat Minor, for very small gas and liquid 
flows; Gapmeter variable-area flowmeters; Flo-scan flow operated alarm 
switches; a comprehensive consultation and design service for new Flow 
Measurement and Control installations. 

The full range of G. A. Platon instruments will be demonstrated at 
the 1960 Instruments, Electronics and Automation Exhibition being held 
at Olympia, 23rd to 28th May (inclusive) from 10 a.m. to 6 p.m. Flow 
Control for 1960—G. A. PLATON LTD.—STAND G 317. 





More generally, Dk. Mopt-Onrtscu referred to the fact 
that extensive work carried out in recent years, especially 
with sinter models, has shown that adhesion forces, activa- 
tion energy, diffusion processes, and plastic flow are the 
principal factors controlling the sintering process. Which 
factors and how many of them are operative in a particular 
sintering system then depends on the number and nature 
of the constituents to be sintered. 


* Organised by the Powder Metallurgy Joint Group of the Iron and Steel 
Institute and the Institute of Metals. 


Weighing in Theory and Practice 


UTOMATIC batch weighing and economics are closely 

related. Suppose that a factory is producing fertilisers 
and delivering the product in bags, which are weighed-off 
with automatic batch weighers. If underweight is not per- 
mitted the machines must be set to deliver a certain average 
overweight. This cannot be avoided, even if the weighing 
machines are operated with the greatest possible care. It 
is also known that the weights delivered are usually more 
accurate when the speed of weighing is lower. But the 
lower the speed, the more weighers are needed to obtain 
the required number of bags per unit time. What will be 
the economical optimum ? Alternatively, how many mach- 
ines should be installed to give the best result economic- 
ally ? The answer to this question depends in the first place 
on the margin between the cost of prod. ction and the sales 
price. In the second place, it depends on the relation which 
exists between the speed and the accuracy of weighing for 
a given batch weigher. 

Dr. A. WALLER in a recent paper to the Fertiliser Society 
set out these considerations and went on to derive these 
relationships on theoretical grounds for the main types of 
automatic batch weighers which have been developed so 
far. At the same meeting W. H. BoNnsER presented a general 
review of automatic weighing equipment for the fertiliser 
industry while R.1.0. Passmore reported careful tests 


on the performance of equipment. An _ important 
conclusion was that weighing equipment used for 
trade ‘purposes, and therefore subject to current 
inspection and control, conforms to the limits 


of error required by the Weights and Measures Regula- 
tions provided due attention is paid to the condition and 
operation of the machines. Process weighing machinery, on 
the other hand, does not present such a happy picture. The 
standard of weighing is not as high as in trade weighing 
machines and it would appear that the weighers are not 
built to achieve the same order of accuracy. There seem to 
be several morals in this. 


Removing Carbon Monoxide from Fuel 
Gases 


o OST of the questions people have been asking about 

the process are answered in this paper.” Who 
could want a more generous tribute than this comment in 
discussion on a research report* devoted to the water gas 
shift reaction ? The reaction has of course been used for 
many years in the chemical industry but dealing with clean 
gases. In applying it to coal gas, or more particularly to 
carburetted water gas the main problem is the fouling of 
the catalyst. This is attributed to the interaction of conju- 
gated diolefins, nitric oxide and oxygen on the surface of 
the catalyst. Fouling can, however, be minimised by re- 
moving these constituents by a pretreatment catalyst. G. S. 
Criss and J. D. F. MarsH—in the paper GC66 which re- 
ceived the plaudits—reported that they had examined 
several such catalysts. The most promising proved to be 
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nickel subsulphide, and life tests are in progress of shift 
catalysts with and without prior protective catalysts. 

If the carbon dioxide formed in the water gas shift re- 
action is removed from the treated gas in order to maintain 
its calorific value, the specific gravity of the product 
becomes considerably less than that of the original gas. 
For this reason, and because of the high cost of carbon 
dioxide removal, close attention was paid to the extent to 
which this is desirable under a variety of conditions. The 
extent to which carbon dioxide need be removed can be 
reduced by using light distillate as 2 feedstock and by the 
admixture of rich gas to increase the calorific value. For 
partial removal, the most promising processes are those 
based on ammonia or activated potassium carbonate as the 
absorbent. Properties of the reagents such as the absorp- 
tion rate for carbon dioxide, the resulting vapour pressures 
and the heat requirements for regeneration are being 
studied at The Gas Council’s London Research Station 
using a pilot plant. 

* Autumn Research Meeting, Institution of Gas Engineers. 


An Approach to “ Research Economics ’”’ 


HOUGH it is necessarily couched in very general 
terms, the attempt by CaRTER and WILLIAMs* to set out 
a rational procedure for taking research and development 
decisions should prove valuable to many firms. 
authors advocate that decisions about research and de- 
velopment should be made, not only with regard to the 
productive purposes of the firm, but also with a clear 
appreciation of what resources the firm can command in 
technology, management, and finance. Furthermore, re- 
search projects should be chosen by men or committees 
with an appreciation of the production, selling, and finan- 
cial problems of the firm, as well as of the scientific possi- 
bilities. Rough estimates should be made of the yields 
from projects considered both capable of scientific solu- 
tion and of commercial significance. This can give priority 
lists of projects at each of the stages of research and de- 
velopment, and be the basis of the research programme. 
PROFESSORS CARTER and WILLIAMS are well aware that even 
the most efficient firm cannot attain precision in these 
assessments and the fixing of a research budget often 
appears to be little more than guesswork. Nevertheless 
they think it important that managers should do what they 
can to make estimates of the yield from the various uses of 
the firm’s funds, including research and development. 
Apart from the immediate and direct economic value, 
this approach helps in maintaining staff morale when a 
project has to be abandoned. The workers concerned 
should participate in this decision. This is possible only if 
they can be persuaded to look at the full range of relevant 
facts, commercial as well as technical; that is, if they 
learn to think in terms of “research economics.” 


* Science in Industry. Policy for Progress. Third Report of the Science and 
Industry Committee, by C. F. Carter and B. R. Williams, 21s. net. Oxford 
University Press, 1959. 


Vacuum Abhors a Leak 


LEAK may be more than a nuisance casting extra 

load on pumps. Inflow of air or moisture may cause 
decomposition ; outflow from a pressure plant may form 
a risk to health. This is notably true of nuclear energy 
equipment. Methods successfully used for final checks on 
their pressure cr vacuum-tightness have been reviewed* by 
W. STECKELMACHER. The testing may be carried out by 
positive pressure or by vacuum methods. In either case 
it is liable to take a great deal of time and the basis of the 
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Announcing — 


CAMPBELL 
CHEMICAL 
ENGINEERING 
co. LTD 


as from January Ist 1960 
have changed their name to 


rocess Equipment Ltd 


This has been found necessary to avoid 
confusion with other firms of a similar name 


Process Equipment Ltd 
DESIGNERS AND MANUFACTURERS OF FLUID MIXING EQUIPMENT AND SPECIALISED PLANT FOR THE CHEMICAL INDUSTRY 
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Coal Chemicals: Ideas Invited 


HE Wilson Committee which was set up to review 
recent work and make recommendations on 
coal-based chemical processes is inviting ideas. In 
reply to questions in the House of Commons, the 
Minister of Power, Mr. RICHARD Woop, stated that 
it would welcome further written memoranda from 
people interested in research and development on 
processes making chemicals, gases and oil from coal 
and in the organisation of such work. Material 
should be addressed to the Secretary of the commit- 
tee, Mr. W. R. G. BELL at the Ministry. 











results must be closely specified including the pressure 
differentials employed in a positive pressure method. The 
same hole, tested by the two methods, will give two 
different leakage rates. Assuming viscous laminar flow, 
the two rates are related by the expression 
L, =(P2—1) Lo where L, is the leakage rate at positive 
pressure P (in atmospheres) and L, is the vacuum leakage 
rate. 

For vacuum the most sensitive of all the leak-detection 
instruments is the mass spectrometer. This instrument 
does not depend for its operation on pressure differentials 
but separates, and indicates the mass of, the ions formed 
by the test gas—usually helium—and the ions formed by 
the residual gases passed in from the vacuum system. The 
instrument is capable of detecting leakage rates of less than 
10—* lusecst. Next to it in sensitivity is the palladium 
barrier leak detector, employing hydrogen as the search 
gas and a hot ionisation gauge as the sensing element. In 
the oxygen leak detector the operating principle is based 
on the fact that the presence of oxygen in a diode causes a 
decay of the electron emission from the cathode. Using a 
Pirani gauge as the sensing element are the differential 
method, the hydrogen-Pirani method, and the charcoal- 
Pirani method. In addition to these and other vacuum 
test methods, there is, however, also interest in pressure 
methods often using simpler equipment, which Mr. 
STECKELMACHER has also described with indications of 
their sensitivities. 

* Nuclear Engineering 1959, Vol. 4, No. 43, p. 450. 


t+ A leak allowing a gas mass flow rate which causes a pressure rise of | micron 
Hg per second in a volume of | litre=1 lusec. 1 c.c/min (n.t.p.)= 12.67 lusecs. 


Creep in Thick-Walled Cylinders 


HERE is sufficient common ground between the fields 

covered by chemical and mechanical engineers to 
make it always interesting to look through the papers pre- 
sented to such bodies as the American Society of Mechani- 
cal Engineers. At their Annual Meeting in December, 
1959, IAIN Finnie examined the methods available for pre- 
dicting steady-state creep stresses and strain rates in a 
thick-walled tube under combined internal pressure and 
axial load. Although an analytical solution of the equa- 
tions, in closed form, is not possible, Mr. Finnie has tabu- 
lated numerical solutions to the equations for a range of 
values of the variables. In addition the author gives a trial 
method of calculation using the tabulated solutions as the 
starting point. It is important to note that the stress dis- 
tribution in a thick walled cylinder under this combined 
load cannot, in general, be obtained by attempting to super- 
impose the stresses due to the separate loads. In his paper 
(No. 59—A-57) the equations required for a stress analysis 
have been developed by the author and then solved with 
a digital computer for a number of tubes, creep laws, and 
loading conditions. 
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DIARY 
Institution of Chemical Engineers 


January 5. The Geological Society. At Burlington 
House, London, W.1. “Heat Transfer to Two-phase 
Gas/Liquid Systems—Part 1,” by J. A. R. Bennett, 
J. G. Collier, H. R. C. Pratt and J. D. Thornton. 
“Pressure Drop and Hold-up in Two-phase Flow,” by 
J. G. Collier, J. D. Thornton and J. A. R. Bennett. 
5.30 p.m. 


January 14. Scunthorpe Group. At John Leggott’s 
Grammar School, Scunthorpe. “ Automatic Analytical 
Instruments.” 7.30 p.m. 


January 20. North Western Branch. At The Houldsworth 
School of Applied Science, The University of Leeds, 
Leeds 2. “Refrigeration Practice,” by Mr. Perry. 
6.30 p.m. 


January 26. North Western Branch. At The Manchester 
College of Science and Technology, Manchester. 
“Rotating Band and Spinning Band High Vacuum 
Distillation,” by members of the College’s Chemical 
Engineering Department. 6.30 p.m. 


January 29. North Western Branch. At Midland 
Hotel, Manchester. Annual General Meeting and 
Dinner and Dance. 3.30 p.m. and 7 p.m. 


The Institute of Refrigeration 


January 7. At Institute of Marine Engineers, Mark 
Lane, London, E.C.3. “ Some Lubricating Problems of 


Refrigerating Machines using Refrigerant 12,” by 
H. Heckmatt. 5.30 p.m. 
January 27. At the Savoy Hotel, London, W.C.2. The 


Annual Dinner. 


The Institution of Mechanical Engineers 


January 5-7. At 1, Birdcage Walk, London, S.W.1. 
Symposium on Recent Mechanical Engineering 
Developments in Automatic Control. 

January 27. At 1, Birdcage Walk, London, S.W.1. 
“ Technical and Economic Aspects Covering the Ocean 
Transportation of Liquid Methane,” by Dr. J. J. 
McMullen. 6 p.m. 


The Institution of Engineering Designers 
January 11. At Rutherford College of Technology, 
Newcastle upon Tyne |. “ Use of Radio-active Isotopes 
in Industry,” by T. V. Suttar. 7.15 p.m. 


The Chemical Society 
January 28. At Department of Inorganic and Physical 
Chemistry, Liverpool University. “Progress in the 


Study of Heterogeneous Catalysis,” by Professor C. 
Kemball. 5 p.m. 


The Institute of Welding 


January 13. At 43 Princes Gate, London, S.W.7. 
“High Temperature Brazing—A Modern Joining 
Method,” by E. R. Perry. 7 p.m. 


Other Events 
January 18-22. Physical Society Exhibition at Royal 
Horticultural Hall, Westminster, $.W.1. 


January 21. At Battersea College of Technology, 
London, S.W.11. Society of Chemical Industry, Corro- 
sion Group Symposium. 
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Tr. chemical engineer enters this field with a dual role 
to perform. In the first place he is the natural link 
between the production departments of an enterprise, its 
management, and the local and national bodies concerned 
with pollution. In the second place his aim must be to 
control process losses assigning to this function an impor- 
tance equal to that conferred upon the more normal aspects 
of a design process. What is called for in modern industrial 
conditions is a wholly integrated approach to a project and 
one which takes into consideration the economy of the 
complete enterprise. In particular, the possibility of con- 
verting the wastes known to accompany processes into use- 
ful saleable products should be kept well to the forefront 
when a process plant is under development. 

An industry which offers a fruitful area for the exercise 
of such an approach is the fermentation industry. In this sec- 
tion of industry which includes the fermentation of molasses, 
the distillation of grain, brewing, wine manufacture, and, 
finally, the preparation of antibiotics, a great deal has been 
done already to make effective use of waste products. In 
the case of the distillation of grain, what might be termed 
the waste load has been reduced over the years by a num- 
ber of measures. Among them is the use of stillage for 
the manufacture of by-product cattle feedstuffs. And 
more recently efforts in this branch of the industry have 
been directed towards the conversion of stillage residues 
into high vitamin content feeds by fermentation. There is 
here, therefore, a distinct prospect of a valuable by- 
product. In the brewing industry wet and dried grains 
also have been used for feeding purposes, but this does not 
apply to hop residues which are of little use for this pur- 
pose because of their bitter taste; further work, there- 
fore, will be necessary before this waste can become 
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THE CHEMICAL ENGINEER IN WASTE CONTROL 


the basis of a useful by-product. Yet another problem 
in the same branch of industry is how to obtain 
a greater recovery of dried yeast. The wine industry, 
too, is beset by some difficult problems which in any case 
are exacerbated by its seasonal character, For example for 
every ton of grapes processed something like two hundred- 
weight of wet waste material remains, and so far little 
has been done to find an outlet for this material. 

In the most recent addition to the fermentation family, 
the antibiotics industry, the integrated outlook has perhaps 
gained a firmer foothold than in most other members of 
the family, and recovery systems have been incorporated 
early in the main manufacturing schemes for the primary 
products. The industry, too, has used waste treatment 
extensively as a means of pollution control. However, the 
fermentation and the different substrates necessary for the 
production of a wide range of antibiotics confront the 
engineer concerned with the design of suitable recovery 
systems with some unusual problems. Since, for example, 
the fermentations are aerobic there is present the danger of 
carrying over large volumes of foam to the waste recovery 
plant. Furthermore, since the yields from antibiotic pro- 
cesses are characteristically low, the ratio of waste to 
primary product is usually much higher than it is in the 
older fermentation industries. Also, it must be remembered 
that each antibiotic has its own peculiar waste recovery 
problem and that the utilisation of wastes is complicated 
by the chemical treatment necessary for the separation and 
purification of the antibiotic. But even though the recovery 
techniques for this particular field are difficult to devise 
they are of a kind that can be solved when partly or 
wholly by the continued application of chemicai engineer- 
ing approaches and methods. 
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FOR SALE 


January, 1960 


For Box Numbers reply to BRITISH CHEMICAL 
ENGINEERING, Drury House, Russell Street, 
Drury Lane, London, W.C.2. 

A VACANCY EXISTS for a qualified Chemical 
Engineer to undertake research and development 
work in connection with cryogenic problems. Appii- 
cations are invited from honours graduates and 
should be addressed in the first instance to the 
Secretary, British Oxygen Research and Develop- 
ment Limited, Deer Park Road, London, S.W.19. 

SENIOR DRAUGHTSMAN, age 28-35, required 
for interesting and varied work on the Design and 
Layout of Plant for the manufacture of Chemicals. 
must be experienced in the design of pressure vessels 
and pipework. A non-contributory superannuation 
scheme is in operation. Applications stating par- 
ticulars of experience and technical qualifications 
should be addressed to: The Works Engineer, Mid- 
land Silicones Ltd., Barry, Glamorgan. 

RESEARCH A well known Company in the 
North-West of England engaged in manufacturing 
building products has an important vacancy in its 
research department. Applications are _ invited 
from graduates under 40 years of age, who have 
original ideas on industrial processing with an 
interest in chemical engineering It is important 
that candidates should have broad based industrial 
research and development experience and a 
capacity for management at a high level. This 1s 
a progressive position and conditions of service are 
very good. Apply giving details of age, education 
qualifications experience and present sa’ary to 
Chief Personne! Manager. Box No. B.C.E. 78. 

A CHEMICAL ENGINEER is required to work 
on problems associated with the handling of oxygen 
and nitrogen. This vacancy provides an opportunity 
for a Chemical Engineer with a good honours 
degree to become experienced in this interesting 
low temperature field of research. Please write 
to—The Secretary, British Oxygen Research and 
Development Limited, Deer Park Road, London, 
S.W.19. 


REPRESENTATIVES 


WANTED. Representative for correspondence 
abroad. high carnings. instructions in writing. 
Write Fortuna Publishing Co.. Vienna 1/8, Post- 
fach 49 


A.M.1L.CHEM.E, More than one-third of the 
successful candidates since 1944 have been trained 
by T.1.G.B. All seeking quick promotion in the 
Chemical and Allied Industries should send for 
the T.1.G.B. Prospectus. 100 pages of expert 
advice, details of Guaranteed Home Study Courses 
for A.M.I.Chem.E., B.Sc.Eng., A.M.I.Mech.E., 
A.M.1.Prod.E., C. and G., etc., a wide range of 
Diploma Courses in most branches of Engineering. 
Send for your copy today—FREE T.1.G.B. (Dept. 
43), 29 Wright's Lane, London, W.8. 





NORTHAMPTON COLLEGE OF 
ADVANCED TECHNOLOGY, LONDON 
St. John Street, E.C.1. 

FOUR YEAR SANDWICH COURSE 
FOR DIPLOMA IN TECHNOLOGY 
IN INDUSTRIAL CHEMISTRY 


The fifth entry to the Course will be on 
Monday, 15th February, 1960, 

Firms and organisations wishing to 
nominate students may obtain further 
details from the College. The College is 
also able to assist by introducing suitably 
qualified students to interested firms. 

To facilitate industrial staffing arrange- 
ments, the Course runs on two entries a 
year (September and mid-February) so that 
when one group of students is in College, 
the other is in industry, the two changing 
over at six-monthly intervals. 


6 GALLON Staybrite Stainless Steel Containers 
16 in. x 11 in. x 11 in., tapering sides, rounded 
corners, double lid. To clear 30s. each. for quan- 
tity, further reduction for large order. 25 gallon 
S.S. Tanks 28 in. x 8 in. x 30 in, deep, open top. 
To clear £5 each. P.T.F.E. Rod and Thick Wall 


Tube, many sizes in stock. L. Solloman Ltd., 
Beaufort Street, Manchester, 3. BLA 4571. 
SERVICE 


SHOTBLASTING in situ by the “ on-site” ex- 
rerts. Organic and inorganic coatings applied. Any- 
thing. anywhere, at competitive rates. Darnall 
Shotblasting Co. Ltd., Doctor Lane, Sheffield, 9. 
Telephone 42896. 

















PLANT WANTED 


WANTED: Textile Testing Machine, 1,000 Ib. 
capacity. Belting Press, 12 ft. long Gooseneck 
Press, 2 Daylight, 2 ft. 6 in. long. Mixing Machine 
for P.V.C. Pastes, 50 Ib. capacity. V-Belt Machines. 
Building, Slicing, Skiving. Slipper Covering, Mould 
Wrapping and Mould Loading Machines. Steam 
Vulcanising Pan, 6 ft. long, 4 ft. diameter. Ban- 
bury Mixer, 5 Ib. capacity. Box BCE 75. 


SELL US YOUR 
SURPLUS 
STAINLESS STEEL 


SHEETS PLATES BARS TUBES 
SECTIONS - STRIPS - BLANKS - OFFCUTS 


* top prices paid 
* offers by return or our 
buyer will call 
* prompt collection and 
payment 
STAINLESS 
RECOVERIES LTD 


Dover Road - Trading Estate - Slough - Bucks 
Telephone : Slough 24622 

















TO OVERSEAS 
CHEMICAL 
ENGINEERS 

AND EXECUTIVES 


ARGENTINE 
Through Gordon & Gotch Lid. 
Librerias Mackern, Avenue de Lean- 
dro N Alem, 457, Buenos Aires. 
Mitchells Bookstore, 
Buenos Aires 

AUSTRALIA 

Bookshop Pty, Ltd., 

Forrest Place, 


Perth. 

Angus & Robertson Lid., 89-95 
Castlereagh Street, Sydney, N.S.W. 
Centre of Fashion Trade Journals, 
100 Flinders Street, (Near Exhibition 
Street), Melbourne, C.1. 
Engineering Publications (Aust.), 52 
Pitt Street, Sydney, N.S.W. 
H. A. Goddard (Pty.) Litd., 255A 
George Street, Sydney, N.S.W. 
The Grahame Book Co., 39-49 Mar- 
tin Place, Sydney, N.S.W. 
John Hinton & Co., 50 Miller Street, 
North Sydney, N.S.W. 
Jervis Manton (Pty.) Ltd., 190 Bourke 
Street, Melbourne, C.1. 
J. W. Martin (Pty.) Lid., Box HS561, 
G.P.O., Perth. 
Messrs. Swain & Co, (Pty.) Lid., Pitt 
Street, Sydney, New South Wales. 
The Tait Book Co, Ltd., 349 Collins 
Street. Melbourne, C.1, Victoria. 
The Technical Book & Magazine Co., 
295-299 Swanston Street, (opp. Old 
Melbourne Hospital), Melbourne, 
C.1, Victoria. 
H. C. Walker. Rich & Co., Grand 
United Buildings, 149 Castlereagh 
Street, Sydney, N.S.W. 
Through Gordon & Gotch Lid. 
Gordon & Gotch (A’sia) Ltd., 80 
Currie Street, Adelaide. 
Gordon & Gotch (A'sia) Ltd., G.P.O. 
Box 1462 T., 262/264 Adelaide Street, 
Brisbane, Queensland. 
Gordon & Gotch (A'sia) Ltd., Sil 
515 Little Collins Street, Melbourne, 
C.1, Victoria. 
Gordon & Gotch (A’sia) Ltd., 134- 
144 Parry Street, Perth. 
Gordon & Gotch (A’sia) Ltd., G.P.O. 
Box 1627 B.B., Barrack and Clarence 
Streets, Sydney, N.S.W, 

AUSTRIA 
Through Continental Publishers & 
Distributors Ltd. 
Messrs. Morawa & Co., Wollzeile 11, 
Vienna, 1. 


Alberts 14-22 


BAHAMAS 
Through Gordon & Gotch Lid. 
Moseley’s Ltd.. P.O. Box 434, 


Nassau, 

BELGIUM 
Dohmen Freres, 237 Rue 
Sainte Marie, Brussels 111 
beek). 


Royale 
(Schaer- 


BRAZIL 
Livraria Stark Ltda., 
2786. Sao Paulo. 
Through Gordon & Gotch Ltd. 
Casa Crashiey Litda., 58, Ouvidor, 
Caixa Postal 906, Rio de Janeiro. 
Publicidade Exietica, S.A., Box 539, 
Sao Paulo. 


BRITISH GUIANA 

Mr. Oswald Bentham, General Sup- 
plies Agency, Commission Merchants. 
P.O. Box 375, Georgetown. 

BRITISH WEST INDIES 
Messrs, Smith & Alfred, 4 Bellsmythe 
Street. Woodbrook, Port-of-Spain, 
Trinidad. 
Through Gordon & Gotch Lid. 
Stephens & Todd Lid.. 8 Frederick 
Street, Port-of-Spain, Trinidad. 

BURMA 
Continental & Overseas 
Post Box 1163, Rangoon. 
CANADA 

Mr. G. Bray, The Bray Circulation & 
Advertising, Post Office Box No. 788, 
Station B, Montreal, P.Q. 
The Davis Circulation 
Oakville, Ontario. 
Wm. Dawson Subscription Service 
Pleasamt Road, 


Caixa Postal 


Indentors, 


Agency, 


Ltd., 587 Mount 
Toronto, 12, Ontario. 
“Periodica’., 5090 Ave., 


Montreal 34. 
CEYLON 


Papineau, 


Mr. M. C. C. Wickramanayake, 


Director, The City Stores Lid., 48 

Ward Street. Kandy. 

Through Gordon & Gotch Lid. 

W. E. Bastian & Co., 23 Canal Row, 

P.O. Box 10, Colombo. 

Colombo Apothecaries’ 

P.O. Box 31, Price 

Colombo 

Plate Lid., P.O. Box 127, Colombo. 
CH 

Marjan Sucheston, 

9950, Santiago. 


Street, Fort, 


mE 
K. Casilla, No. 


$70 Cangello, 


Co., Led., 


COLOMBIA 
Libreria “El Gato Negro”, Carrera 
7A, 14-35, Oficinas 201 Y 206, 
Bogota 

CYPRUS 


Trading Co., 41, 41a 


The Union 


Zinonos Kitieos Street, P.O. Box 123, 
Larnaca. 
Through Gordon & Gotch Lid. 
S. Ch. Papadopoulos, 88 Ledra Street, 
Nicosia. 

CZECHOSLOVAKIA 
Artia Ltd., Ve Smeckach, 30, Praha, 
il 


DENMARK 
Aksel J. Niclsen, Osterbrogade, 84, 
Copenhagen O. 

Store Nordiske Videnska Bokhandel, 
Ronersgade 27, Copenhagen. 

Johs Poulsen, The Illustrated News 
Service, Dahlerupsgade, 1, Copen- 
hagen V. 

Cc. A. Reitzels Bokhandel, Axel 
Sandal, Norregade 20, Copenhagen. 
Victor Schroder, Esq., Hovedvagts- 
gade, 8, Copenhagen, K. 

Th. Wessel & Vett Ltd., Norregade 
7, Copenhagen. 

ECUADOR 
Messrs. “Bravos”, 
Agency, Guayaquil. 

EGYPT 
Publications, Joseph 
Meshaka & Co., 49 Saad Zaghioul 
Street, Alexandria, Egypt. 

Libraire La Renaissance D’ Egypte. 
Messrs. Hassan & Yousef Mohamed 
& Co., 9 Sh. Adly, Cairo, Egypt. 
Librairie Hachette, 45 bis Rue Cham- 
pollion, Le Caire, Egypt. 
Librairie Hachette, 61 Rue Nabi 
Daniel, Alexandrie, Egypt. 

The New Publications, Joseph 
Meshaka & Co., 3 Maspero Street, 
Cairo, Eaypt. 

FINLAND 
Akateeminen Kirkjakauppa, 2, 
kaskatu. Helsinki. 
Rautatiekirjakauppa O/Y, Helsinki, 

FRANCE 


Publications 


The New 


Kes- 


Reins, 4 Square Moncey, 
GERMANY 
American Business Journals, Zach- 
ringerstrasse 28, Berlin-Wilmersdorf. 
W. E. Saarbach G.m.b.H., Gertruden- 
strasse 30, Koln, 1. 
Wm. Dawson & Sons, G.m.b.H., 
Klosterstrasse 34-36a, Dusseldorf. 
GREECE 
G. Hagiantoniou, 31 Rue Du Stade, 
Athens, Greece. 
HOLLAND 
G. De Vries, Lindeniaan, 


dijk. 
HONG KONG 

M. H. Shamdasani & Co., 90B Nathan 
Road, Kowloon, Hong Kong. 
Through Gordon & Gotch Ltd. 
The Harris Book Co., 10 Ice House, 
Street, Kowloon, Hong Kong. 

ICELAND 
Foss, P.O. Box 154, 


Arthur 
Paris 9c. 


10, Zaan- 


Hilmar 
Reykjavik. 
INDIA 
Cc. G. Beard, 49 Galstaun Mansions, 

Park Street, Calcutta. 
Khurana Advertising and 
Service, 6 The Mall, Agra. 
Mahajan’ Brothers, Opp. 
Police Gate, Ahmedabad. 
“Manufacturers” [Eastern 
P.O. Box 301, Bombay. 
B. Muni Ratnam, Muny's Subscrip- 
tion Agency, P.B. No. 1653, Madras, 
1 


Book Co., Ellis 


Publicity 
Khadia 


Agency, 


The New Order 
Bridge, Ahmedabad. 
L. V. Paramesh, Mandavali 
Mylapore, Madras, 4. 
The Popular Book Depot, 
Road, Bombay. 7. 
Mr. B. L. Shah, Magazines Depart- 
ment, Messrs. Charles Lambert & 
Co., P.O. Box 4087, Bombay, 7. 
D. B. Taraporevala Sons & Co., Ltd.. 
“Treasure House of Book", 210 
Hornby Road, Fort, Bombay. 
The Technical Book Depot, 
Terrace, Tordeo, Bombay, 26. 
Through Gordon & Gotch Ltd. 
Central News Agency, 19/20 Con- 
naught Circus, New Delhi. 
New Photoplay Co., 
Road, P.O. Box 61, Bombay. 
Oxford Book & Stationery Co., Park 
Street, Calcutta. 

AN 


rm 
Through Gordon & Gotch Ltd. 
Alfi’s Stationery Shop, Avenue Zand, 
Abadan. 


Lane, 


Grant 


Forjet 


IRAQ 
The Empire Trading Co., 


Road, Ashar, Basrah. 


Khediry 


You can keep in touch with INTERNATIONAL progress in the 
application of chemical engineering techniques by seeing this 
| 


journal every month. 





A subscription costs 50/- for one year, and only 100/- for 3 years. 





Please send your order to our Agent in your country, or to 
Heywocp & Company Ltp., Drury House, RusseL_t STREET, 


Lonpon, W.C.2, ENGLAND. 


The Iraq Bookshop, 435A/1 Rashid 
Street, South Gate, Baghdad. 
Through Gordon & Gotch Ltd. 
Abdullah Farjo’s Bookshop, Ashar, 


Basrah. 
ISRAEL 
The Central Subscription Agency, 
3, Ben-Yexuda Street, Jerusalem. 
Mr. H. Weiss, Weiss’ Subscriptions, 
22, Allenby Road, Tel Aviv, Israel. 
I 


Bollini, Via Verdi, Empoli. 
Hoepli, Corso Matteotti, 12, 


Bruno 
Ulrico 
Milano. 
Interscientia, Corso Garibaldi 34, 
Venaria, Piemonte. 
Editoriale *‘‘Maggiora™’, 
Dicembre, 1, Torino 116. 
C. Ruggeri & Co., Via Verziere, 2, 
Milan. 

Sperling & Kupfer, Piazza S. Banila, 
Galleria Metteotti, Milano. 

Guido Spiriti, Piazza Risorgimento 
10, Milan. 


Piazza 18, 


JAPAN 
F. Fujita, 586 Kita Senzoku, Otaku, 
Tokyo. 
Fukumatsu Funahashi & Co., No. 11 
4Chome, Kawaramachi, Higashiku, 
Osaka. 
Marusho & Co. 
Toyolite & Co. 
Kitonagasa-dori, Ikutaku, Kobe. 
Kaigai Shuppan Bocki K.K., 21 
Kanda Tsukasacho 2-Chome, 
Chiyoda-Ku, Tokyo. 
Maruzen Co. Ltd., 
Nohonbashi, Tokyo. 
JORDAN 
Guiseppe Gedeone, Star Street, Beth- 
lehem. 


Ltd., c/o Messrs. 
Ltd., 5, 5-chome, 


6 Tori-Nichome 


KENYA 
Anglo-Tanganyikan News Agency 
Ltd., P.O, Box 6784, Nairobi. 
Jadavji Valji & Sons, P.O. Box 506, 
Nairobi. 

Through Gordon & Gotch Ltd. 

East African Standard Ltd., P.O. Box 
380, Nairobi. 

S. J. Moore Ltd., Government Road, 
Nairobi. 

Nzoia Press Ltd., P.O. Box 34, Kitale 
Superior Printing Works, P.O. Box 
181, Salin Road, Mombasa. 
Warners Bookshop, P.O. Box 36, 


Nakuru. 

‘ LEBANON 

Dimitri K. Haddad, P.O. Box 786, 
Beyrouth. 

Elias Andraos Haddad & Freres, P.O. 
Box 265, Beyrouth. 
Gureghian Freres Immeuble-Stephan 
Rue Fakhreddine, Beyrouth. 

J. M. Saad, P.O. Box 352, Beirut. 

MALAYA 

Davies & Co., Room 22, Bank of 
China Building, Singapore, 1. 

Fongs Trading Co., P.O. Box 220. 
Singapore. 

M. H. Shamdasani 
Arcade, Singapore. 
Through Gordon & Gotch Ltd. 

Asia Books Co., 91 Brewster Road, 
Ipoh, Perak. 

. A. Azeez Bros., Railway Station 
Bookstall, Klang. 
The Jubilee Store, 1 and la Gladstone 
Road, Penang. 
R. Kandasamy, 
Bookstall, Port 
gar. 

Kedah Bookstore, 79 Julan Langgar 
Alor Star. 

Lim Chye Hock, 45 Station Road, 
P.O. Box 27, Taiping, Perak. 

E. K. Yeap & Co., 20 Brewster Road, 


Ipoh. 

MALTA, G.C, 
Cachia & Co., 4 St. Anthony Street, 
Valletta. 
Through Continental Publishers & 
Distributors Lid. 
Sapienza’s Library, 26 
Valletta. 


& Co., 43 The 


Railway Station 
Swettenham, Selan- 


Kingsway, 


MAURITIUS 
Ebrahim Dawood, Dawood Building, 
1 Louis Pasteur Street, P.O. Box 27, 
Port Louis. 
The Mercantile Service Bureau, P.O. 
Box 262, Port Louis. 
Through Gordon & Gotch Ltd. 
The Eastern Trading Co., 
Square, Port Louis. 

MEXICO 

Sr. Emilio Minon, Apartado 2209. 
=. Arquimedes No. 91, Mexico 
D.F. 


MOROCCO 
International Press Agency, P.O. Box 
182, Tangier. 

NEW ZEALAND 
N.  Hamilton-Baker, G.P.O. 721, 
Wellington. 


Quay 


R. Hill & Son, Cnr. Crow- 
Streets, Auckland, 


Messrs. 
hurst and Kent 
S.E.1. 
Technical Books 
Avenue, Auckland. 
Gordon & Gotch (N.Z.) Ltd., Linch- 
field Street, Christchurch. 
Gordon & Goich (N.Z.) Ltd., Jamie- 
son Buidings, Dunedin. 
NORWAY 
Contact Publishing Co. A.S., Akersgt 
59, Oslo. 
Narvesens Litteratur P.O. 
Box 115, Oslo. 
Norsk Bokimport A.S., Edv. Stormagt 
1, Oslo. 
Tryggve Juul Moller (Bokhandel), 
Fr. Nansens Plass, 8, Oslo. 
NYASALAND 
Through Gordon & Gotch Ltd. 
Blantyre Printing & Publishing Co., 
P.O. Box 6, Blantyre. 
PAKISTAN 
Ideal Subscription Agency, 
Mall, Lahore. 
N. A. Mukhtar & Co., Sukkur, Sind. 
Seafar Agencies, Grindlays Bank, 
Bunder Road, Karachi, 2. 
PORTUGAL 
Valentim Lourenco, Rua de o Seculo 
34-3, o, Lisbon. 
A. Vicente Ribeiro, Avenida da 
Liberdade 236-1°-E. Lisbon. 
Through Continental Publishers & 
Distributors Ltd. 
Livraria Bertrand, 73 Rua Garratt 
75, Apartado N. 78, Lisbon. 
SOUTH AFRICA 
British Technical Journals, 15 Baines 
House, Broad Street, Durban. 
Lindex (South Africa) Pty. Ltd., P.O. 
Box 4536, Johannesburg. 
Central News Agency Ltd., 58 Maid- 
land Street, Bloemfontein, Orange 
Free State. 
Central News Agency Ltd., P.O. Box 
599, 60/62 Oxford Street, East Lon- 
don, Cape Province. 
Central News Agency Ltd., P.O. Box 
356, 16 Adderley Street, Port Eliza- 
beth, Cape Province. 

Central News Agency Ltd., 86 
Visagie Street, Pretoria, Transvaal. 
SOUTHERN RHODESIA 
Messrs. Felix Sutherland (Rhodesia) 

Ltd., 20 Orr S:reet, Salisbury. 
Mr. V. W. Van Rijnberk, P.O. Box 
238, Bulawayo. 
Kingstons Lid., 
Fife Street and 
Bulawayo. 
Kingstons Ltd., 
Salisbury. 

SPAIN 


J. Diaz de Santos, Libreria J. Diaz de 
Santos, Calle Lagasca 38, Madrid. 


Ltd., 48 Grays 


Tieneste, 


42 The 


P.O. Box 256, Cnr. 
Sixth Avenue, 


89 Victoria Street, 


Ss I 
Through Gordon & Gotch Ltd. 
The Sudan Bookshop, P.O. Box 156 


Khartoum. 
SWEDEN 

J. Ekelund, Knislinge. 
Stig. Falk, Vallingatan, 13, 
holm, 1. 
A. B. Nordiska Kompanict, 
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Low-temperature Heat Transmission 


OWARDS the end of the nineteenth century the 
B petenrer scientist D’Arsonval forecast that the suc- 
cessful liquefaction of air and the separation by distillation 
of its two main constituents would revolutionise not only 
agriculture but also the gas, chemical and metallurgical 
industries. Even a casual look today at these industries is 
enough to show how close to the mark this forecast was. 
Tonnage oxygen, for example, is widely used in the steel and 
iron making industries, where it is the most important 
single factor in achieving greater output from existing 
equipment; it is essential to at least one process for the 
manufacture of that basic chemical acetylene, as well as to 
a numberof important gasification processes. And several 
important processes for the manufacture of nitrogenous 
fertilisers depend upon the supply of large quantities of 
nitrogen derived from the distillation of air. 

Here we may observe that we are nowadays so accus- 
tomed to a plentiful supply of nitrogenous chemicals that 
we apt to forget that in the past the position has not always 
been so secure; for in the era to which D’Arsonval 
belonged, a number of voices, including that of Sir William 
Crookes, had predicted a nitrogen famine. That this 
gloomy prediction proved false but was in fact the direct 
opposite of the situation which eventually emerged is testi- 
mony to D’Arsonval’s sagacity: it also emphasises the 
extent of our indebtedness to those early pioneers such as 
Claude, Linde and Hampson and those others who laid the 
foundation stones of modern low-temperature technology. 
Their efforts have paved the way for such developments 
as the production of ethylene, the large-scale separation of 
helium, the distillation of the isotopes of hydrogen, and, as 
a consequence of the tonnage production of oxygen and 
nitrogen, the extensive output of the rarer gases such as 
argon with its important role in the sphere of plant 
fabrication. 

In all such processes the low-temperature heat exchanger 
performs a vitally important function and it was this 
equipment which put the finishing touch to the early con- 
tinuous processes for the liquefaction of the so-called 
permanent gases. Its practice probably began more than 
a century ago when Siemens attempted to liquefy air. The 
machine he used was essentially a simple compressed-air 
motor combined with a concentric-tube exchanger, which 
allowed the outgoing expanded air to cool the incoming 
compressed air. As the saying goes “there is many a slip 
twixt cup and lip”, and this apparently sound process 
which attracted the attention of a number of investigators, 
Hampson included, did not liquefy air. The principal 
reasons for this lack of success were the congelation of the 
engine lubricant, the loss of refrigerant through poor 
thermal insulation, and the accumulation of impurities in 
the system. The lessons of this failure were learned and 
Hampson, by replacing the engine by a throttle, removing 
the carbon dioxide from the air and retaining the ex- 
changer, albeit in a much improved form, succeeded in 
producing liquid air. Hampson’s multi-tubular, coiled 
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cross-flow countercurrent exchanger may be justly regarded 
as the forerunner of the modern low-temperature heat 
exchanger. 

The design problems of the low-temperature heat ex- 
changer differ considerably from those of the normal pro- 
cess plant exchanger. Thus in order to obtain a close 
approach to thermodynamic reversibility—a necessity if 
the process is to be economic—the designer must use 
small temperature differences which in turn mean large 
surfaces, Yet at the same time he must avoid serious 
pressure losses; thus in order to conserve refrigeration he 
must make the exchanger as compact as possible. The ways 
in which designers have sought to attain these ends have 
changed considerably with the passage of time. To appre- 
ciate this point we need only compare the earlier Linde 
design of exchanger, which was an iron affair some 300 ft 
or more in length, with the elegant plate-fin exchangers 
described by Mrs Lenfestey in this issue (see p. 27). An- 
other type of exchanger to receive attention in this issue 
is the regenerator. Developed in theory by Hausen, its 
introduction in the mid-’twenties by Frankl was one of the 
milestones not only in low-temperature heat-transfer prac- 
tice but in gas separation processing generally. For this 
device, which is more efficient, cheaper and more compact 
than the tubular varieties of exchanger, is indispensable to 
the tonnage oxygen plant. 

Undoubtedly, of the professional bodies in Britain with 
an interest in low-temperature technology, including its 
heat-transfer practice, the outstanding role of development 
has been played by the Low Temperature Group of the 
Physical Society. This Group, which was formed towards 
the end of 1945 under the chairmanship of Sir Alfred 
Egerton, devoted its inaugural meeting to the technical 
problems of gas separation, the relevant paper being 
delivered by A. M. Clark. Since that time the various 
papers given under its auspices, including those presented 
at symposia organised jointly with other bodies, includ- 
ing the Institution of Chemical Engineers, amount to a 
very impressive list. The subjects covered have ranged from 
the essentially engineering aspects, including the produc- 
tion and use of gaseous oxygen, expansion turbines, dis- 
tillation, automatic control and instrumentation, to facets 
of the field more remote from engineering practice. In this 
category we recall with pleasure a fascinating paper given 
by the late Sir Francis Simon on the unattainability of 
absolute zero. 

Among the symposia of distinct chemical engineering 
flavour we would mention two in particular. The first of 
these, held in conjunction with the Institution of Chemical 
Engineers late in 1957, was concerned with developments 
in industrial gas separation processes, and the second, a 
single-handed effort held towards the end of last year, was 
devoted to low-temperature heat transfer. Indeed, this 
symposium has provided the main contents of this the 
first issue of BRITISH CHEMICAL ENGINEERING for the year 
1960. 
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Fig. 1. Scale model of the 
air separation plant of the 
Shell Haven Refinery. Models 
such as these proved in- 
valuable during construction 
work. 


LOW-TEMPERATURE HEAT EXCHANGERS 


The available types, their special functions, and importance to the 
economy of gas separation processes are outlined 


by P. M. SCHUFTAN, Ph.D., M.I.Chem.E. 


N this introductory paper I will review the special 

requirements and features of low-temperature heat ex- 
changers from the experience gained by my company in 
a great number of plants over many years. When we talk 
today about low-temperature heat exchangers we have in 
mind heat exchangers as applied to low-temperature gas 
separation processes and specifically air separation pro- 
cesses. Very large heat exchangers can be required for this 
purpose; for instance, the largest air separation plant 
operating in this country, producing about 250 tons/day of 
oxygen, requires for the heat exchange between air and 
the waste nitrogen an exchanger with a throughput of 
about 1000 tons of air per day, i.e., a size which will 
hardly be exceeded by exchangers used at higher tem- 
perature levels in the chemical industry. 

I will first deal with general features of L.T. heat ex- 
changers and then with the applicability of different types 
for particular duties. 

Economics of heat exchangers are determined by the 
fixed costs of the exchanger, i.e., costs for materials and 
labour as inherent in the particular configuration of the 
heat exchange surface, and by the energy consumption 
determined by the efficiency of the exchanger which is 
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measured by temperature difference and pressure drop, 
both being a function of the heat-transfer coefficient. 
Obviously, the sum of fixed and running costs should be 
a minimum in each particular case. 

For low-temperature heat exchangers, the choice of 
materials is somewhat simplified from a chemical point 
of view, as corrosion difficulties can generally be ignored, 
the exception being the few cases where the gas mixture 
to be separated contains constituents which are liable to 
attack metals in the absence of liquid water, and which 
can either not be removed by chemical purification, or 
have to be recovered as such by condensation. However. 
mechanically there are limitations due to brittleness of 
certain metals at low temperatures, and it is necessary 
that the metal is easy to work and able to produce a gas- 
tight exchanger; in certain cases differential thermal con- 
traction will have to be considered if the exchanger con- 
sists of more than one metal. In practice, only copper, 
aluminium and austenitic steel as such or as alloys, have 
been found to be suitable for low-temperature work. 

In the case of high-temperature exchangers the heat- 
transfer surface to be provided has normally to contain a 
fouling allowance to cater for deposits formed by chemi- 
cal reactions, such as polymerisation or scaling-up, or rust- 
ing from the cooling water side. No such allowance 
should be necessary for low-temperature exchangers if 
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care is taken that the gas mixture to be cooled does not 
contain solid or liquid suspensions or trace constituents 
liable to create deposits by chemical action. If these condi- 
tions are met, solid deposits can only arise by condensation 
and can then be regarded as reversible, as in view of their 
high vapour pressure, sometimes combined with a low 
melting point, they can be completely removed in a batch 
operation. 


Accumulation of Solid Condensates 

It is remarkable that solid condensates, especially water, 
CO, and benzole, do not impede the heat transfer as 
orientated growth as crystals perpendicular to the heat- 
transfer surface seems to occur. The fins thus formed 
have certainly a low efficiency, but provide additional 
heat-transfer surface. Thus solid condensates can be al- 
lowed to accumulate until the pressure drop of the heat 
exchanger becomes too high. However, where gas con- 
stituents condense as liquids, such liquids should not, 
during the further cooling process, be allowed to be carried 
into a zone where they could freeze, as otherwise a rapid 
blockage of the heat exchanger would result, preceded by 
deterioration of the heat transfer. Vertical heat exchangers, 
designed to enable reflux of the condensed liquid against 
the ascending gas stream, are one means of avoiding this 
difficulty. 

The particular conditions of gas separation processes 
require mainly a gas-to-gas heat exchange, whereby there 
is always a marked pressure difference between the process 
gas and the separation products, Thus, the process gas sec- 
tion of continuous heat exchangers can be designed for a 
considerably higher mass flow rate than the low-pressure 
section without exceeding the permissible pressure drop. 

The exceptionally stringent requirement of leak tightness 
of low-temperature heat exchangers is, perhaps, not always 
fully appreciated. For instance, in an air separation plant 
producing 10,000 cu. ft/hr of oxygen at 99.5% purity and 
operating at an air pressure of 1000 psig, a pin hole of 
6 thou. diameter would be sufficient to deteriorate the 
oxygen purity to 99.0% and thus make the oxygen un- 
suitable for cutting and welding. In a plant producing 100 
tons of oxygen/day, and operating at a pressure of 72 
psig, a hole of 1 mm diameter between the air and the 
oxygen sections, or regenerator valves having an equiva- 
lent leakage, would deteriorate the oxygen purity by 
0.1%. 

When producing pure nitrogen containing 10 ppm of 
oxygen a leak of only 0.003% of the process air into 
the nitrogen doubles its oxygen content. Similar conditions 
apply in so-called “nitrogen wash” plants where a prac- 
tically complete elimination of carbon monoxide and other 
contaminants from ammonia synthesis gas is required. 

What effect has the efficiency of low-temperature ex- 
changers on the power consumption of the process? The 
cold loss resulting from the warm end temperature dif- 
ference has in practice to be covered at the lowest operat- 
ing temperature and according to the second law of 
thermodynamics, and assuming an efficiency of 50%, about 
150 k. cal. can be produced per kWh at 77°K. This means 
that in a tonnage oxygen plant each additional °C of the 
warm end temperature difference increases the power con- 
sumption of the air separation unit by about 2%. 

In view of the different shape of the enthalpy /tempera- 
ture curves of the compressed process gas and the low- 
pressure separation products, the mean _ temperature 
difference of low-temperature heat exchangers is in many 
cases not determined by the warm and cold end tempera- 
ture differences as derived from the mass and cold 
balance, but a minimum temperature difference may occur 
at an intermediate point. In this case excessive cold losses 
at the warm end can only be avoided by suitable adjust- 
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ment of the mass ratios of the two gas streams, either 
over the whole or over part of the length of the exchangers. 

An increase in the pressure drop of the separation pro- 
ducts in heat exchangers increases the operating pressure 
required for the process gas. For tonnage oxygen plants 
each additional lb. of pressure drop increases the power 
consumption of the air separation unit by about 2%. In 
addition, it makes the sublimation of condensates in 
regenerators or reversing exchangers more difficult and 
reduces the cold production of the expansion turbine. 

Low-pressure drop and high heat-transfer rate are 
rather conflicting requirements and especially in large 
plants it is important to find the economical balance which 
is appropriate to the particular conditions, 

Coming now to the applicability of different types of 
low-temperature heat exchangers for particular duties, 
straight tubular exchangers are of special interest as reflux 
coolers or reflux condensers. Concentric tubes which can 
be wound in coils are still used in a few cases, the inner 
tube or tubes carrying high-pressure gas while the outer 
space is used for the low-pressure gas. 

More efficient is a cross-flow, counter current type, 
a design first developed by Hampson for his air liquefier 
and now especially used in L.O. plants. It consists of a 
cylindrical shell with central closed mandrel, carrying layers 
of high-pressure tubes with alternative direction of the 
winding. The parallel tubes are joined in inlet and outlet 
headers. The number of tubes in each layer and the axial 
and radial spacing are so chosen that each tube has the 
same length and this ensures uniform distribution of the 
H.P. gas through all tubes. The L.P. gas flows in counter- 
current in the space between the tubes and the shell. Heat- 
transfer conditions in such exchangers are well known 
from studies of various investigators, In view of the coil 
configuration of the tube bundle, no special devices are 
required to cater for differential thermal contraction or 
expansion. 

For medium or low pressures non-tubular exchangers (a 
classification into which regenerators also fall) have 
become important. 


Introduction of Plate and Fin Exchangers 

Plate and fin-type exchangers have only relatively 
recently been introduced into the low-temperature 
technique. They consist of corrugated sheets sandwiched 
between flat sheets and brazed together, and they are used 
not only for heat exchange between gas and gas as con- 
tinuous or reversing exchangers, but also between gas 
and liquid (undercoolers) and as condenser/reboilers. 

Regenerators exchange heat from gas to gas through the 
intermediary of a heat storing mass. The pair of vessels are 
filled with suitable packing and after a period determined 
by the heat capacity of the packing, the vessels are 
changed over automatically by time or temperature im- 
pulse actuating valves at the warm ends, while automatic 
check valves are provided at the cold ends. Regenerators, 
which were first used for low-temperature heat exchange 
by Frankl, are characterised by low-pressure drop and 
low heat-transfer coefficients, but the packing provides a 
very large heat-transfer surface. The original corrugated 
aluminium strips used by Frankl have now been largely 
superseded by stone filling which has a higher mass to sur- 
face ratio, resulting in longer cycle periods. Such stone 
filling allows the provision of coils for indirect heat trans- 
fer within the regenerators which makes it possible to 
produce separation products of high purity and uncon- 
taminated by either process gas, water vapour or COs. 

An unavoidable disadvantage of regenerators is the loss 
in process gas occurring when changing over from the 
vessel under pressure, to the vessel which is at low pres- 
sure. This loss can be reduced by an intermediate pressure- 
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equalising step between the two vessels, but will even then 
amount to about 34% of the process gas in the case of 
tonnage oxygen plants. 

Here I will only briefly mention the important function 
of regenerators as very efficient purifiers, as they remove 
by condensation on the packing gas constituents of high 
freezing point which can be resublimated by a part or the 
whole of the separation products. In order to ensure com- 
plete revaporisation, it is, however, necessary to watch the 
actual volume ratio of the two gases which are in heat 
exchange with each other, their temperature difference 
along the length of the regenerators and the vapour pres- 
sures of the deposits at their condensation and sublimation 
temperatures. 

It is well known that this condition of complete sublima- 
tion is not automatically met and certain “balancing” 
methods have to be used to create favourable tempera- 
ture differences at the critical parts of the regenerator. 
Generally, the volume ratio of return gas to process gas in 
the colder part of the regenerator will have to be in- 
creased, either by using the so-called “Trumpler Pass” or 
by bleeding off at an intermediate point of the regenerators 
part of the process gas, and cool it separately by other 
means. 

Reversing exchangers, which have been developed by 
Professor Collins of the M.I.T., differ from regenerators in 
that they are not heat storers, nor do they need to be 
provided in duplicate. As in normal exchangers, the trans- 
fer from gas to gas takes place through a metal wall. When 
the process gas section begins to block with ice or carbon 
dioxide, the flow through the process and return gas sec- 
tions is automatically reversed. The cross-sectional areas of 
the two sections must thus be kept equal and this means 
that either the heat-transfer rate on the process gas sec- 
tion will be low or the pressure drop on the return gas 
section high. This is a disadvantage of this type of ex- 
changer. Balancing is just as necessary as on regenerators 
and the preferred method is the use of the Trumpler Pass, 
whereby the balancing air is rewarmed in a special pass 
of the exchanger, which can easily be provided. 

While reversing exchangers were originally designed as 
concentric tubes with fins in the interspace, plate and fin 
exchangers are now generally used. In large plants it is 
not possible to accommodate the whole heat-transfer sur- 
face required in a single unit and several exchangers have 
thus to be arranged in parallel, which involves certain dis- 
tribution problems. 

An essential element in low-temperature gas separation 
processes is the condenser reboiler. The condensating fluid 
is practically always the gas mixture to be separated or 
at least, a component of this mixture; i.e., in the case 
of air separation it is air or nitrogen. 

The following conditions have to be met: 

(1) The condensation must be complete in order to 
obtain adequate reboil and reflux with the mini- 
mum amount of heating fluid. 

(2) The temperature difference between the condens- 
ing and boiling fluids must be as small as pos- 
sible; e.g., in tonnage oxygen plants the operating 
pressure of the air is controlled essentially by the 
temperature difference in the condenser-reboiler. 
Starting from a boiling temperature of the liquid 
oxygen of 93°K and increasing the temperature 
difference from 2°C to 3° and 4°C, the condensa- 
tion pressure rises from 5.5 to 5.9 and 6.4 kg/cm* 
absolute, and this increases the power consump- 
tion of the plant by 4.2 and 8.9% respectively, 
which is quite serious. 

(3) The accumulation of incondensible constituents 
on the condensing side must be avoided by vent- 
ing in order to obtain satisfactory heat transfer. 


Fig. 2. Heat exchanger (top) and pre-cooler (bottom) 
of the cross-current type, high-pressure coils wound 
on mandrel ready for threading into headers. 


Fig. 3. A finished pre-cooler and interior of a main 
heat exchanger for a liquid nitrogen plant. (Photos: 
Refinery Equipment & Speciality Co. Ltd.) 


(4) The condensate must be effectively drained to 
avoid blanketing of the heat-transfer surface by 
liquid. 

(5) On the boiling side vapour bubbles must be 


removed from the heat-transfer surface as 
quickly as possible, in order to utilise it fully. This 
can be achieved either by providing a relatively 
large cross-sectional area on the boiling side or 
by ensuring quick circulation of the liquid to be 
vaporised. 

In some cases condenser-reboilers consist of coils of one 
or more parallel tubes. Another type widely used in double 
column air separation plants consists of a bundle of tubes 
arranged vertically between two tube plates with the upper 
one as a floating head. The velocity of the condensing 
nitrogen is kept low enough to enable it to reflux into the 
lower column. For a 100 ton oxygen plant this condenser 
type requires not less than 14,000 tubes. 

Measurement of the heat-transfer coefficient on con- 
denser-reboilers is not easy and especially difficult in the 
case of partial condensation such as, for example methane 
from coke-oven gas. 
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THE APPLICATION OF REGENERATORS 
AND HEAT EXCHANGERS’ 


The comparative merits of reversing heat exchangers and 
regenerators for low-temperature heat-transfer duties 


by D. E. WARD, Ph.D., A.M.1.Chem.E.t+ 


N low-temperature plant the feed gas must be cooled 

to the operating temperature, usually the dewpoint of 
the gas, by the cold outgoing product and waste gases. This 
requires heat exchangers which are not only efficient but 
possess an inherent “self-purging” action, since in most 
cases the feed gas will contain impurities which deposit 
out on the exchanger surfaces as the feed is cooled. Two 
types of heat exchanger which are particularly suited to 
this duty are the regenerator and the reversing exchanger. 

The essential heat-exchange requirements of whatever 
type of equipment is used are: 

(1) the pressure drop must be small to conserve power; 

(2) the exchanger must be able to operate at small 

temperature differences, which can only be obtained 
if serious maldistribution can be avoided, to conserve 
refrigeration and the associated power; 

(3) the exchangers should be compact, i.e., possess a 

large surface/volume ratio; and 

(4) the capital cost must be low. 

The self-purging action to remove deposited feed gas 
impurities can be achieved by the periodic switching of 
the feed and return gas channels, so that the impurity 
deposited by the feed gas is evaporated by the colder 
return gas. The colder gas is able to evaporate all the 
deposited impurity because of what may be termed the 
“pressure effect”. The feed gas enters the plant under 
pressure, whilst the return gas leaving the plant is usually 
at almost atmospheric pressure and is colder, but due to its 
lower pressure its saturation concentration is higher and 
the mass transfer driving forces are higher. This enables 
all the deposited solid to be evaporated, provided the 
temperature difference between the feed and return gas is 
at no point allowed to exceed the value given approxi- 
mately by the equation.’ 
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where 7, = absolute surface temperature; 
AT = maximum allowable overall temperature dif- 
ference assuming no wall resistance; 





AT< 


= ratio of heat transfer to mass transfer rate 
(1.0 for water/air and 1.2 for CO,/air 
system); 
C;*» = equilibrium concentration in the high-pres- 
gas at temperature 7;; 
equilibrium concentration in the high-pres- 
sure gas at temperature 7,; and 


C.*# = 


a—2B 
B" and B" = the constants in the equation C = e / 
expressing the equilibrium gas concentration in the high- 
and low-pressure streams respectively as a function of 
temperature. The equation only applies for equal molar 
feed and return gas flows. Fig. 1 gives some typical values 
of AT for the CO:/He2 and N2/ He system,' calculated from 
Equation (1). 
The switching time required to prevent excessive increase 
of pressure drop by deposited solid can be estimated by 
the equation’: 
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Fig. 1. Limiting temperature differences for com- 
plete evaporation of deposited solids for the systems 
CO:2/ He and for N2/ He. 








mass deposition rate; 
= molecular weight of impurity; 
molecular weight of bulk gas; 
mass flow rate; 
temperature difference between surface and 
bulk of gas and C, a and + are the constants in 
the heat-transfer relation; and 
Sc = Schmidt number 
St = C. Re“. Pr-® 
where St = Stanton number; 
Re = Reynolds number; and 
Pr = Prandtl number. 

In some non-ideal cases’ the “pressure effect” is reduced 
and can be even reversed so that the equilibrium concen- 
tration of the high-pressure gas is greater than the low- 
pressure gas at the same temperature. This effect usually 
occurs when the bulk gas approaches its critical tempera- 
ture. If the effect is reversed, then regenerators and revers- 
ing exchangers will not remove the deposited solid and 
absorption, chemical purification, blocking exchangers or 


some other method must be employed. 
To ensure re-evaporation, important features of the heat- 
exchange equipment are: 
(1) the ability to control local temperature differences; 
(2) identical high- and low-pressure channels so that the 
flow of return gas is the same through both chan- 
nels; and 
(3) the packing or extended surface should have some 
filtering action to discourage solid impurities from 
being blown to the colder regions from which they 
cannot be evaporated. 
Precautions must also be taken to ensure that any oil 
droplets entrained in the feed gas are removed before 
entering the low-temperature plant. 


Regenerator 

A regenerator is a heat-storage device and usually con- 
sists of two cylindrical vessels packed with metal ribbon 
(Frankl packing) or stones, and the warm feed gas and 


TABLE I.—COMPARISON OF REGENERATORS AND REVERSING HEAT EXCHANGERS 





Property 


Regenerator 


Reversing Exchanger 





Heat-transfer area per unit volume 


High. usually about 500 ft®/ft*. Ordinary 
shell and tube about 50 ft?/ft*. 


Plate fin. 200 ft®/ft*. 





b — 


Volume of exchanger 





feed to process. 


Fairly large volume due to need for heat 
storage. Larger power loss on switch- 
over. Greater contamination of return 
gas or larger purge loss. Greater loss of 


Very compact. More likely to become 
blocked because of the smaller volume 
in which the solids can collect. 








| Weight hw 
weight. 


The filling material is a considerable 


Light—use very thin extended surface. 





Maximum operating pressure 


6 atm. 


No theoretical limit. Practical limit change 
over loss. Usually not more than about 


Plate fin up to 20 atm.—caution required 
because of fatigue failure due to con- 
stant reversals. Concentric tube can be 
used above 20 atm. 





Length/cross-section ratio usually good. 


Smaller surface area/unit volume. Ten- 
dency for long, thin shape. 





Maldistribution 
Serious 


Can take large gas flows in one unit. 
maldistribution unlikely to 
occur if carefully packed. 


Plate fin and concentric tube of limited 
cross-section, must use several units 
in parallel. Care needed to avoid 
maldistribution and associated large 
temperature differences, preventing 
complete evaporation of solid. 








Cycling of outlet temperature 


Varies over a fairly wide range. 


Constant exit temperature except at 
moment of reversal. 





Maximum concentration of feed im- 
purity which can be handled 


Due to the larger volume and the continu- 
ous shift of packing temperature 
during each cycle, a much higher con- 
centration of feed impurity can be 
handled. Have been used for un to 100 
times CO, content of air (i.e., 3% CO,). 
(Regenerators for coke oven gas.) 


The space around the secondary surface 
is limited and the solid is deposited 
along the length according to the 
vapour pressure curve, and so the 
maximum concentration of feed im- 
purity which can be handled is lower. 








The ability to exchange heat between 
more than two gas streams without 
contamination by the feed gas or 
evaporating impurities 


Coils must be embedded in the packing. 
This is costly and the throughput is 
limited. If no coils are used, contamina- 
tion of return product gas by mixing 
with feed gas and evaporating im- 
purities. Mixing with feed gas can 
be eliminated by suffering a purge 
loss. Contamination by evaporating 
impurities cannot be avoided. Local 
temperature differences cannot be 
controlled except by use of coils or 
bleeding regenerator. 


Permits a pure product to be obtained. 
No purge loss. Permits control of local 
temperature differences by recircula- 
tion. 











Packing cheap—main cost is for shells. 
Very suitable for large-scale low- 
temperature plants. 





More expensive than regenerators, but 
gains due to pure product, etc., may 
outweigh this. 
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cold return gas are switched alternately between the 
vessels, so the heat of the feed gas stored in the packing is 
used to heat the return gas to room temperature and 
vice versa. At the warm end the gas streams are switched 
by pneumatically-operated valves through a_ timing 
mechanism and at the cold end by check valves, which 
open or close according to the direction and force of the 
gas pressure exerted on them. 


Reversing Exchanger 

A line diagram of the operation of a reversing exchanger 
is shown in Fig. 2. Pneumatically-operated valves are used 
to switch the gas streams at the warm end and check 
valves at the cold end. A _ high-pressure recirculation 
system is shown for the control of local temperature dif- 
ferences. A low-pressure system can be used instead, but 
this increases the low-pressure, side-pressure drop which is 
not desirable and requires an extra small exchanger. The 
two most essential requirements of a reversing exchanger 
are good thermal contact between gas streams and an 
extended surface in the gas channels which, besides in- 
creasing the heat transfer, has a filtering action preventing 
the blowing down of solid impurity to colder parts from 
which it cannot be evaporated. 

Only two types of exchanger have so far been developed 
which are suitable for reversing exchanger duty, the con- 
centric tube and the plate fin type. 

The concentric tube type with helical coil surface ex- 
tension was developed during World War II by PRoFEessor 
S. C. Coxuins* for portable oxygen units and is only 
suited to small gas flows. The plate fin exchanger‘ consists 
of parallel plates of aluminium alloy with extended sur- 
face between the plates to form a block which is brazed 
together in a molten salt bath. These exchangers can 
handle fairly large gas flows, but at the present time the 
maximum cross-section of each block is limited to about 
2 sq. ft and the length to about 9 ft, so that for the 
larger plant, e.g., tonnage oxygen, several blocks in paral- 
lel and series are needed. 

The relative merits of reversing heat exchangers and 
Tegenerators are given in Table I, which is presented on 
the preceding page. 























Fig. 2. Diagram showing the method of operating 
reversing exchangers. 
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Reddish Chemicals New Factory 


Provided with fully equipped research laboratory 


The Reddish Chemical Co. Ltd. have recently opened 
new works and offices at Stanley Road, Cheadle Hulme, 
near Stockport. They have been specialists in the manu- 
facture of chemical detergents for 30 years, supplying to 
the milk, food and beverage industries, the engineering 
trades and to farming. With these activities, coupled with 
close liaison with ministerial groups and their respective 
research establishments, Reddish have secured for them- 
selves a high reputation for their products. 

The new works and offices have been built on a 34-acre 
site in the recently developed industrial area at Cheadle 
Hulme. The factory itself has a floor space of 16,500 sq. ft 
with a separate office block of more than 2000 sq ft. The 
new Cheadle Hulme site allows for considerable further 
expansion of works and offices, as well as storage facilities 
and lorry accommodation. The factory floor is at two 
levels to make full use of gravity, Raw materials are 
brought in at one end and elevated mechanically to the 
higher level, where they are at the right height for being 
fed into the various mixing plant. The mixed material is 
discharged at the lower floor level, packed and stored a 
short distance away ready for dispatch at the lorry-loading 
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bay. The lower floor level is itself raised 4 ft above ground 
level so that the product is packed and stored at lorry 
level, reducing manhandling to a minimum, The factory 
is divided into two sections: that which deals with the 
colloidal and liquid side of manufacture, and that which is 
concerned with the dry powder. At the extreme end away 
from the processing plant, and separated from the main 
building, empty returned drums are cleaned under high- 
pressure steam jets. 

A vitally important aspect of the company’s activities is 
research, both for quality control during manufacture and 
for product application in new and existing fields, and for 
this purpose a fully equipped laboratory has been provided 
within the factory building. 

The factory is steel-framed and constructed of brick with 
a floor of reinforced concrete. Steel-framed side windows 
and northern lights let into the asbestos roof give ample 
light, and a dust extraction plant provides clean air and 
favourable working conditions. One of the most interesting 
features of the factory is the attention which has been 
paid to the roadways and loading areas and the best 
possible use has been made of a one-way road system. 
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APPLICATIONS AND DESIGN OF 
PLATE-FIN HEAT EXCHANGERS 


A method of designing these compact heat exchangers is described 
together with examples of their application 


by W. H. DENTON, B.Sc., F.Inst.P., and D. E. WARD, B.Sc., Ph.D., A.M.1.Chem.E. 


HE choice of the most suitable type of heat exchangers 

for a process and their design for a required balance 
between their capital cost and the energy consumption 
they save is a standard problem. It is more important in 
low-temperature gas separation plant than in _high- 
temperature processes, since most of the plant consists of 
gas/gas heat exchangers and there is a much greater 
economic incentive to use large heat exchangers with high 
thermal efficiencies. Also, the exchangers handling the feed 
gases have to be suitable for low-temperature gas 
purification. 

The plate-fin gas/gas heat exchanger is the most recently 
developed type for low-temperature plant and is now being 
used more extensively in air separation plants. A recent 
design study of a plant for the large-scale distillation of 
hydrogen at 20°K for the production of deuterium, sup- 
ported by experimental work,’ * concluded that plate-fin 
units should satisfy all the requirements of the process and 
for certain duties had many advantages over alternative 
types. Also, with the exception of packed regenerators for 
some duties, they were the cheapest. This paper includes 
the design methods developed for the plate-fin heat ex- 
changers in the above work. 


Requirements of Low-temperature Plant Heat 
Exchangers 


The need for high thermal efficiencies can be appreciated 
as follows. In a process operating at a high temperature, 
a heat exchanger simply reduces the external heat to be 
supplied at the high temperature to an acceptable value, 
Q, which is proportional to the heat exchanger temperature 
difference and is rejected at the temperature of the sur- 
roundings, 7,°K. On the other hand, in a process operating 
at a low temperature, 7:, below 7., the same amount of 
heat, Q, which flows from 7, to 7; requires the expenditure 
of work to absorb the heat at 7: and reject it at 7.. Even 
with a thermodynamically-ideal refrigeration eycle, this 
work is: 


T> 

Q. (72 
which, for an air separation plant, for example (7, = 
290°K, 7; = 80°K), is 2.6Q (work), while the cost of 
power is nearly four times that of the equivalent heat at 
high temperatures. Thus the energy cost, and therefore the 
incentive to use a higher thermal efficiency (lower tempera- 
ture difference), is larger for the low-temperature process 

at 80°K by a factor of at least 10. 
These high efficiencies have to be obtained within the 





Mr. Denton is with the Atomic Energy Research Estah- 
lishment, Harwell, and Dr. Ward is with British Oxygen 
Engineering Ltd., Edmonton. 


18 


usual limits set by the additional power consumption to 
overcome pressure drop in relatively low-pressure gas 
streams, by capital cost and by the increasing importance 
of ensuring uniform distribution of gas flow (in and 
between units in parallel) for the high ratios of tempera- 
ture span to temperature difference used in low-temperature 
plant. 
Compactness of the heat exchanger is also very impor- 
tant because of the expense of the thermal insulation to 
reduce external heat inleakage and the consequent re- 
frigeration load. Thus a large surface area/volume ratio 
is required. 

Another critical requirement is that the heat exchangers 
used to cool the feed gases must be suitable for gas 
purification, i.e., all the solid deposits of impurities con- 
densed on their surfaces must be continuously re- 
evaporated by operating them as reversing or alternating 
dual units, the principles of which have been described 
previously. This is the most critical problem in low- 
temperature gas separation processes. Apart from imposing 
certain limiting maximum temperature differences, it 
requires that the impurities must immediately condense 
as solid deposits on the heat exchanger surfaces and not 
blow down as solid particles towards the cold end of the 
heat exchanger and block it, a problem which is particu- 
larly serious in the case of hydrogen purification.' 


Low-temperature Plant Heat Exchangers and 
Merits of Plate-fin Type 


One of the earliest heat exchangers used in air separa- 
tion plants is the “Hampson” coil type,’ which consists 
of a bundle of small-diameter copper tubes wrapped in 
a special configuration round a central mandrel and 
contained in a cylindrical shell.. Its use is limited to gas 
streams with a high-pressure ratio, the high-pressure 
stream passing through the tubes and the low-pressure 
stream passing across the outside of them. It is not well 
suited for feed gas purification as solid deposition can 
only take place on the outside of the tubes, which prevents 
them being used as reversing heat exchangers. 

The most significant improvement in large air separa- 
tion plant was the introduction of regenerators’ by FRANKL. 
These are compact, have high thermal efficiencies, low 
pressure drops, are suitable for the re-evaporation of solid 
deposits, and are cheap. They operate on the heat-storage 
principle and consist of two large cylindrical vessels packed 
either with pancakes of wound corrugated aluminium strip 
or with pebbles, which store and transfer the heat between 
the two gas streams which flow in opposite directions 
through each of the vessels and are switched over 
periodically. Their disadvantages are, first, they are not 
normally suitable for simultaneous heat exchange between 
more than two gas streams and, second, they are not 
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suitable for heat exchange between a high purity product 
and an impure feed gas because of the unavoidable con- 
tamination of the product by evaporated impurities and, 
third, they have varying exit gas temperatures which 
cause plant operating problems. They are not suitable for 


Fig. 1. A low-temperature, three-stream, plate-fin 


heat exchanger. 


Fig. 2. A_ plate-fin heat exchanger block before 
fitting leaders. 


Fig. 3. Fine corrugations: (a) plain, (b) wavy, 


(c) louvred, (d) multi-entry. 
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the product stream of a high-purity oxygen plant. 

More recently, compact tubular heat exchangers‘ have 
been developed for small air separation units. These con- 
sist of concentric tubes, the gas streams passing through 
the annular spaces which are filled with coiled copper 
ribbon soldered to the tube walls to provide surface exten- 
sion and thermal contact. The advantages of these units 
are their high thermal efficiencies, low pressure drops, suit- 
ability for gas purification, and ability to handle at least 
three gas streams, one of which can be a high purity 
product. However, they are not suitable for large-scale 
plant because of the flow distribution problem with a large 
number of such tubular units in parallel. 

Finally, the plate-fin heat exchanger is a development of 
the above type of unit and retains all its advantages, but 
has a rectangular rather than a circular geometry, capable 
of manufacture in units of sufficiently large cross-section 
for use in large plant. A typical three-stream plate-fin 
heat exchanger is shown in Fig. 1, and a view of the 
plate and fin construction before fitting the headers is 
shown in Fig. 2: It consists basically of parallel plates of 
metal, usually of aluminium alloy, forming a large number 
of parallel channels into which are sandwiched corrugated 
metal packings of the type shown in Fig. 3, which provide 
surface extension for heat transfer and mechanical 
strength. With suitable headers and by blocking off appro- 
priate channels at the headers, each gas stream is made 
to pass through the appropriate number of channels 
uniformly distributed across the block section. The whole 
construction is brazed in a molten salt bath above 600°C. 
The manufacturing process is highly skilled, requiring 
special brazing techniques. 

The pressure loading on the separating plates during 
operation is mainly carried in tension by the fins in the 
high-pressure passages, and those in the low-pressure 
passages provide some additional support as struts. 

The four main types of fins are plain, wavy, louvred 
and multi-entry as shown in Figs. 3 (a), 3 (b), 3 (c) and 
3 (d) respectively. Fin spacings range from 4 to 32 fins per 
in., depending on the type of fin and the plate spacing. 

In the case of multi-entry and louvred fins, the maxi- 
mum number of fins per inch is limited by the depth of 
their side displacement shown in Fig. 3. The maximum 
number of plain fins per inch manufactured at present 
is 32 for a plate spacing of }in., which, for 0.004-in.- 
thick fins and 0.030-in.-thick plates, corresponds to a total 
heat transfer surface of 770 ft?/ft®,.based on unit volume 
of the block. By comparison, a shell and tube exchanger 
usually has a value of only about 50 ft®/ft*. 

At the present time manufacturing processes limit the 
maximum length of a block to about 9 ft and the maximum 
cross-section to about 24ft®., Operating pressures are 
limited to about 450 psi under steady pressure conditions 
and about 200 psi under fluctuating pressure conditions as 
in a reversing heat exchanger, but these pressures exceed 
those used in most modern thermodynamically efficient gas 
separation plant. 

For a standard range of blocks of relatively large 
volume, their cost is based primarily upon the total block 
volume. For large-scale plants, cost savings result from 
standardising block designs. 

The merits of the plate-fin exchangers can be sum- 
marised as follows: 

(1) High thermal efficiencies and compactness, 

(2) Although not as cheap as regenerators for the case of 
two similar gas streams and where product purity is not 
important, they are the cheapest for all other low- 
temperature plant applications. 

(3) They can provide simultaneous heat exchange between 
at least four gas streams in the same unit, with suitable 
headers. This is particularly useful in their application 
as reversing heat exchangers’ where local temperature 
differences have often to be controlled by local recircula- 
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tion of one of the gas streams in an extra channel. 
Likewise, a high-purity product stream (e.g., oxygen) can 
be handled, while solid evaporation can still take place 
in two other reversing streams in the same unit. 

(4) Plate spacings can be varied in the same unit to provide 
optimum heat exchanger volumes and pressure drops 
in gas streams of different flow rates and pressures. 

(5) They have been successfully used as reversing heat 
exchangers in air separation plant; the finned surfaces 
are suited for the retention of solid deposits’ for sub- 
sequent re-evaporation, and the geometric similarity of 
the channels is an advantage. 

(6) Since the bulk (e.g.. 75%) of the surface is very thin 
metal, approximately 0.008 in., they have an extremely 
low heat capacity; this is an important advantage for 
impurity solid re-evaporation when the whole unit has 
to be periodically warmed up and cooled down again." 


Design of a Counter-current Parallel-flow-Type 

Plate-fin Heat Exchanger 

This paper only deals with the above type, as used in 
gas separation plant. The basic performance requirements 
are: 

(1) The bulk temperature differences, A7>, between the 
counter-current gas streams, which depend on the relative 
heat capacities of the gas streams and can therefore vary 
along the length of the block; and (2) the pressure drops, 
AP, in each gas stream in passing through the block. 

Smaller temperature differences require a longer block 
and smaller pressure drops require a block of larger 


cross-section. 





. 
Ry 
> * | 
i ee 
ie es 
_ x A am Pe 
A a 
_ a 5 ae 
oar St LINES APPROXIMATIN 
DATA FOR Re >70 
| m 
= t a Re)~0O'24 
> 
tn E 
. . _— et 
. st.).(Pr) _ 
< | 
< a 6 1 @) iT. 6 
r R ABER Re an 


Calculation of Temperature Differences 

To design a block it is first necessary to calculate, for 
each gas stream, the variation with temperature (7) of its 
temperature difference: 

(Ad)r = (To — Ts) vaste 
where 7» is the bulk gas temperature and 7, is the primary 
metal surface temperature. 

The bulk temperatures of the different gas streams at 
any temperature level (7) are obtained from the required 
bulk temperature differences (A7») at specified tempera- 
ture levels (usually at the ends of the block) and an overall 
heat balance between the gas streams, but 7; and At 
depend on the relative heat-transfer coefficients and sur- 
face areas for the different gas streams. Thus, assuming 
T; is constant* over all cross-sections, then for a two- 
stream exchanger with different gas streams in geometric- 
ally different channels with a bulk temperature difference 
(AT7>)r at a temperature level (7) the corresponding tem- 
perature differences, (Ati)r and (Afs)r, are given by: 

(Ati + Ate)r = (ATo)r anne 
and, from Equation (7), since the total heat transferred 
per unit length in each channel is the same, by: 

(An)r . [(U)r . (S/de)* . (Ai + Az. 09). Fm] Stream 1 
= (At)r . (U)r . (S/de)* . (Ai + Ao. 4). Fm) oon 
Stream 2 
* Temperature drop through the metal can normally be neglected, except in 


extreme cases of three or more unbalanced gas streams and high heat-transfer 
coefficients. 








where F,,, is the total mass flow rate. 

The cases for three or more gas streams are dealt with 
similarly, but are more complicated, especially if signifi- 
cant variations of 7, occur over the cross-section. This does 
not normally occur in low-temperature plant and is not 
dealt with in this paper. 


Heat-transfer Coefficient and Pressure Drop 
Experimental measurements of heat-transfer coefficient 
and pressure drop characteristics of typical plate-fin ex- 
changers, covering a wide variety of fin corrugations, have 
been summarised by Kays and Lonpon.® For a given 
plate-fin geometry, these characteristics are expressed inde- 
pendently of the physical properties of the gas and of 
temperature and pressure by curves for the dimensionless 
heat-transfer factor and friction factor, respectively, plotted 
against REYNOLDS number (Re), using an equivalent 
hydraulic diameter based on total surface area per unit free 
volume. Fig. 5 shows characteristic heat-transfer factor— 
plotted as (St). (Pr)i—and friction factor (f) curves for 
multi-entry fins similar to those in Fig. 3 (d). Fig. 4 shows 
the relevant dimensions of a typical plate-fin channel sec- 
tion. The equivalent hydraulic diameter is defined by: 


4 
de a AD area 
where A; and A: are the respective primary and secondary 
(fins) surface areas per unit free volume; i.e., total volume 
less volume of metal. 

Since the influence of the plate-fin geometry cannot be 
adequately expressed by this simple hydraulic diameter, 
the above curves vary for different plate-fin geometries. 
For plain fins there is a spread of about 20% for different 
plate and fin spacings. 

For multi-entry and louvred fins the spread is greater 
still and their performance is also sensitive to the distance 
between the interruptions of the fin surface, e.g., their 
heat transfer and friction factors are increased by about 
30% by reducing the distance between interruptions from 
in. to sin. 

For most multi-entry and louvred fins the heat-transfer 
factor is approximately double that of the corresponding 
plain fins, while the friction factor is somewhat more than 
doubled so that, for a given heat transfer and pressure- 
drop duty, the required block volume is about 30% less 
than that for plain fins. They also have the important 
advantage of not suffering from the characteristic in- 
stability and reduction in the heat-transfer factor in the 
transition region from laminar to turbulent flow, as 
experienced by plain fins. (See Fig. 5.) 


Given the STANTON number (St) and the friction factor 
(f) curves for a given plate-fin channel geometry, the 
average surface heat-transfer coefficient (hr) and the 


: dP\ . 
pressure gradient aL in the channel at a temperature, 
T 


T, are given, respectively, by 


hr 
can (= G. 


and* f= (Se ‘) . a) og B. Re” 


where Re = (<—* =), Pr = (=t-F t) 
oy A 


and G = mass flow per unit free cross-section area, The 
PRANDTL number (Pr) is almost independent of temperature 
and pressure for a given gas and the } exponent takes 
account of most gases which only cover a range of 
PRANDTL numbers from about 0.5 to 1.0, and A, B, a and 
b are approximately constant over reasonably wide ranges 
of REYNOLDS number. The constants a and b depend on 
the flow régime only; i.e., on the extent to which it is 
viscous or turbulent. 

For example, in Fig. 5 for the multi-entry fins and 
REYNOLDS numbers between 10° and 10‘, A = 0.071, B= 
0.60, a = 0.24 and 6 = 0.31. 

Finally, separating the physical 
terms, 


) =A. Re* Pt eee), 


property dependent 


hr = (S)@—» . (d.)-@ . Jr ee 


o Tins (S)°-) . (d.-@*) . (F)r noes Ow 

J=A.C,.p*./@rF ec 
and F = 2B.p°./g.p ows 
where S is the free cross-sectional area per unit mass flow 
rate, i.e., S = (G)-. 

The dependence on the physical properties of the gas, 
on temperature and on pressure are completely taken into 
account by the factors J and F. They are seen to be fairly 
slow functions of temperature, and are plotted in Fig. 6 
against 7 for hydrogen and air at 1 atmosphere, using 
the known low-temperature physical properties’ and for 
the same multi-entry fins as in Fig. 5. 

F is inversely proportional to pressure at all temperatures 
and J varies very little with pressure and only at the lowest 
temperatures for moderately high pressures, due to devia- 
tions from ideality. 


* The gravitational constant g is included, since P is in weight units 
throughout 


and 


where 














Calculation of the Dimensions of the Heat 

Exchanger Block 

Considering each gas stream separately, for a given 
variation of its temperature difference, At, with tempera- 
ture and a given overall pressure drop, AP, it is necesary 
to integrate over the full temperature range to obtain 
the free cross-section of block required by each gas stream 
and the length of the block. 

If dL is the element of length required over a tempera- 
ture interval T to T + dT, over which the pressure drop 
is dP, then, from Equations (7) and (8): 


sare ( I ) (a4) , (2-2) 


ap=(5] At. J/r 


A, a Ay "sf (9) 


= (3) (ate) (45) 
and dL = (~ ; aia) (25). ar 
. (10) 

where 1 is the “fin efficiency”, i.e., the overall efficiency 
of the fin surfaces for heat transfer, calculated in terms of 
the average heat-transfer coefficient (hr), and the thermal 
conductivity (km) and thickness (f) and width (w;) of the 
fins. See Figs. 7 (a) and 7 (b). 

Integrating Equations (9) and (10) over the full tempera- 
ture range, 7; to 72, the required free cross-section and 
length for the gas stream are then given by: 


FREE CROSS-SECTION, S 
T2 


| 1 ) { (4) 

(2+a—)b) __ 

S) = AP A, + Ae Ff At id Pid 
Ti 
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where the two integrals can be evaluated graphically as 
areas under the curves for (C, . F/At.J)r and (C,./At.J)r 
respectively, plotted against 7 between 7; and 72. Any 
significant variation of pressure along the gas stream 
need only to be taken account of in evaluating F, which 
is inversely proportional to pressure. 

An example is calculated in the Appendix. 


Dependence of Dimensions of Heat Exchanger 
Block on Fin and Plate Spacings 
Without introducing the physical properties of the gas, 
from Equations (5) and (6): 
- 


ey ey ) ( 1 
alte lea): A, + Ag. nF 


f St) ( 1 ) ( A, + As 
d dP = (Zs ; 
«13 At /r° \2eg S?/ \A, + Ag. 1¢ 


These equations show: 

(a) that since »f = 1 and (f/St)—= a constant which is 
almost independent of plate and fin spacings and 
REYNOLDS number,’ the required cross-section is 
independent of the fin geometry and is determined 
only by the overall pressure drop and temperature 
differences, except that the constant (f/St) varies for 
different types of fins*, i.e., plain, multi-entry, etc., 
generally being higher for those with enhanced 
values of St; and 


(b) that the required length, and hence the volume, 


. (13) 


) ar 


. (14) 
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decreases faster than in proportion to d, as the plate 
and fin spacings are reduced. 

This saving is only offset, for very close spacings, by an 
increase in (f/St) due to increased inertia losses, which 
then requires an increase in cross-section to restore the 
required pressure drop. Before this limitation on spacings 
is reached, the volume is seen to be reduced as (d,)'* for 
high REYNOLDS numbers (a =~ 0.3) and more rapidly still 
at low REYNOLDS numbers, approaching (d.)* for ideal 
viscous flow, when flow conditions approach those in a 
highly efficient packed regenerator. 

However, these low REYNOLDs numbers do not occur for 
the high densities and low viscosities in low-temperature 
plant, even for relatively close fin spacings and a light 
gas, as shown in Table I of a later paper. Also practical 
limitations to reducing spacings are: 

(1) manufacturing limitations; 

(2) volume of metal itself becomes too high; and 

(3) longitudinal heat conduction through the metal block 

and gas distribution problems arise as the cross-sec- 
tion to length ratio increases for low REYNOLDS 
numbers. 


Saving in Heat Exchanger Volume by Varying the 

Cross-section of the Block 

Over large temperature ranges there is, in principle, a 
case for a saving in total block volume by reducing the 
cross-section in one or two stages in passing from room 
temperature to the lowest temperature. At the lower tem- 
peratures, mainly because of the rapid reduction in gas 
density, the pressure drop decreases rapidly while the 
heat-transfer coefficient does not do so, so that the cross- 
section can be reduced accordingly. For a given overall 
heat transfer and pressure-drop duty, considering the ideal 
case of the cross-section § varying continuously along the 
heat exchanger, its optimum value at a temperature, 7, 
for a minimum total volume is when the ratio of volume 
to pressure drop has the same optimum value everywhere 


in Equations 


along the exchanger, i.e., when (s. a 
dP /r 


(9) and (10) is kept constant or when: 
1 
G-5) 

(Sr)opt. & (Fr) . (15) 
independently of overall pressure drop and temperature 
differences. The constant of proportionality depends on the 
overall AP and the At distribution and is obtained by 
integrating Equation (9) with (Sr) = (Sr)op:. Finally, by 
integrating Equation (10) with (Sr) = (Sr)op:, the maximum 
ideal volume reduction factor is given by: 


f( C. re (35) 


\T (ae 5) er 


. (16) 





Ao 


i (5), 


and depends fa, on Ln At distribution and the tempera- 
ture range. For a counter-current unit (multi-entry fins) 
over a large temperature range between 300°K and 20°K 


for hydrogen, (See) = 3.7, and, for two extreme 

S20 / opt 
cases of the ratio of warm-end to cold-end temperature 
differences of 5 and 4, the maximum ideal volume reduc- 
tion factors are only 0.85 and 0.90 respectively. 

Thus, despite the large variation in the optimum cross- 
section, even the maximum ideal volume saving is small, 
so it is not worth varying the cross-section in practice, 
except for very low temperature processes. 
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Fig. 8. A low-temperature 
plate-fin heat exchanger for a 
high-pressure and a low-pres- 
sure steam with small tanks 
and manifolding for the high- 

pressure headers 


Header Design, Pressure Losses and Gas 

Distribution 

The previous calculations provide the block pressure 
drop only. To this must be added the header pressure 
losses and, where appropriate, the internal distributor 
pressure losses. The design of the headers is important not 
only because of the additional pressure drop they impose, 
but also because of their possible effect on gas distribution 
in the heat exchanger. To ensure good gas distribution, 
pressure losses in the headers and manifolds should be kept 
as small as possible in relation to the overall block pressure 
drop. When designing a low-pressure drop header there is 
a limit to the maximum size of the header “tank” due to 
the pressure stressing of the tank material. Thus, for high 
pressures, several smaller tanks have to be used in parallel 
with a manifold, e.g., for a test pressure of about 24 atm. 
individual tanks of 6 in. X 21 in. cross-section are used 
in parallel. In certain high-pressure applications, to achieve 
good gas distribution, even the block cross-section may be 
controlled by header design and overall pressure losses are 
unimportant. Fig. 8 shows a two-stream unit for a high- 
pressure stream and a low-pressure stream with small tanks 
and manifolding for the high-pressure headers. 

The header pressure losses are expressed as an equiva- 
lent number of velocity heads, N, corresponding to a 


where v is a gas velocity. For 


ev" 
pressure drop of N. — 
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a simple single-block layout the principal entrance header 
losses are due to the expansion from the entrance pipe to 
the entrance header tank, AP:, and the contraction from 
the tank into the block, AP2. One velocity head, based on 
the velocity in the pipe, should be allowed for AP, and 
AP» can be determined from Fig. 9 in which the number 
of velocity heads, based on the velocity in the block 
channels, is plotted’ as a function of Ra, the ratio of the 
cross-sectional area of the tank to the corresponding free 
cross-sectional area of the block. 

Similarly, the principal exit header losses are due to 
the expansion from the block to the exit header tank, AP; 
and the contraction from the tank to the exit pipe, AP. 
The expansion loss, AP;, can be determined from Fig. 9, 
and half a velocity head, based on the velocity in the pipe, 
should be allowed for AP,. Further pressure losses have 
to be allowed for manifolds with multiple header tanks 
and when several blocks are in parallel. 
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inefficiencies Due to Maldistribution of Gas Flow 

When a heat exchanger is divided into sections arranged 
in parallel and not in thermal contact with each other, a 
serious reduction in overall efficiency results if the distribu- 
tion of the gas flows between the sections is not correct. 
This effect is most serious for high ratios of temperature 
span to temperature difference. 

Such flow maldistribution can occur in plate-fin units 
both within the’ blocks themselves and between blocks 
when they are used in parallel. Adequate distribution 
within the blocks themselves is obtained by correct design 
and ensuring that the block pressure drop is greater than 
that in the headers, while the high conductivity of the 
metal helps to compensate for any residual flow maldistri- 
bution. Maldistribution between blocks in parallel is a 
much more serious problem. First, the blocks have to be 
flow tested to establish their pressure-drop characteristics 
and, where necessary, selective assembly carried out to 
match the characteristics of each parallel set of units. 
Secondly, the manifold systems have to be designed to give 
equal estimated losses in the pipework associated with each 
block and to give additional pressure drops which are small 
compared to those in the blocks themselves. 

To illustrate the seriousness of maldistribution effects, 
the case of maldistribution between two blocks in parallel 
will be considered for two counter-current gas streams 
with a given mass flow ratio (r) and temperature span 
(AT). Fig. 10 shows the conditions in one of these blocks. 
Assuming that the specific heat, Cp, of the two gas streams 
and the overall surface heat-transfer coefficient, h, between 
them does not vary with temperature, an overall log mean 
temperature difference, 57, will take account of the varia- 
tion in temperature differences when r + 1. Thus the heat 
transferred per unit mass flow of stream Y is: 

(Area) X h X 8Tm = Cp. ATy 


where A can be regarded as a constant, since it is not 
sensitive to the small changes in flow ratio considered 
here. Thus, for a given heat exchanger block and nominal 
mass flow rate there is a characteristic constant 


ATy 
87m 


which is independent of r and can be considered as the 
“number of heat-transfer units”, where: 


K = . (17) 
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3Tm site CT. wa ST) 
In (8T,,/8T.) 
From heat balances: 
87. = AT — ATy 
and 87] = AT— Ty 
, 
Solving for 57., which is proportional to the amount of 
heat allowed to pass to the lower temperature (i.e., the 
refrigeration load imposed at the lower temperature), 
= (l—r). AT 
- i-# 
© ° —») 


87. ~~ (19a) 


and when r= 1, 
87, = AT/(1 + K) jas oho 
If the flow maldistribution between two such identical 
blocks in parallel is such that, instead of the flow ratio 
(r) being the same in both blocks, it has the values 
(r+ Ar) and (r — Apr), respectively, the value of the 
resulting cold-end temperature difference, 57*.. between 
the two gas streams when they are recombined is given 
by: 


87.) = i le+ \NBT r+ ar rcr— WET e)r a} ---@0) 


where (57,), + ar and (87,), — ar are given by Equation 
(19). 

Thus for a heat exchanger block whose constant, K and 
flow ratio, r, are given, the relative increase in the cold-end 
temperature difference due to a flow maldistribution of 
Ar between two such blocks is given by Equations (19) 
and (20). 

Values of (87'./57.) are plotted in Fig. 11 for the case 
r= 1, for K = 10, 50 and 100 and for Ar up to 0.10, i.e., 
10% flow maldistribution. 

This shows how the effect becomes rapidly more serious 
as K is increased, i.e., as the ratio of temperature span to 
temperature difference is increased. For example, with K = 
50, as occurs in air separation plant (i.e., to cool from 
290°C to 80°K with a temperature difference of 4°) only 
a 5% flow maldistribution would cause a 50% increase in 
87. and a corresponding increase in the refrigeration load 
which the heat exchanger is designed to reduce. For K = 
100 the refrigeration load would increase by 160% for 
5%, maldistribution. 


Plate-fin Exchangers as Reversing or Dual 
Alternating Units for Low-temperature Gas 
Purification 
The heat exchangers which cool the impure feed gas to a 

gas separation plant will rapidly block if the solid impurity 

deposits are not continuously re-evaporated. The simplest 
method is to operate them as reversing exchangers when, 
by periodically switching over the two counter-current gas 
stream channels, the solid deposits are re-evaporated into 
the lower-pressure gas stream leaving the plant. The plate- 
fin unit is particularly suitable for this operation because 
the two channels can be made geometrically the same and 

a suitable type of fin corrugation can handle the solid 

deposition. 

A general theory of the operation of a reversing heat 
exchanger has been described previously' and verified 
experimentally.2 The main design requirement is that to 
achieve complete evaporation of solid the temperature 
differences between the two gas streams must be every- 
where below certain limiting maximum values which can 
be calculated' from the solid-vapour phase equilibria for 
the impurity concerned. If the process cycle does not pro- 
vide adequately low temperature differences in the region 
of deposition, these can be readily provided by the local 





recirculation® of one of the gas streams in a third channel 
in the block. 

Recently reported’ experimental results describe the very 
satisfactory performance of a plate-fin reversing exchanger 
unit, using multi-entry type fins, handling up to 1% of 
carbon dioxide impurity in hydrogen in the temperature 
range 290°K to 80°K. This gas mixture is an extreme 
example of one in which the impurity becomes super- 
saturated (the heat-transfer rate is greater than the impurity 
diffusion rate) so that a large fraction of the impurity 
tends to condense as solid particles in the ingoing gas 
stream and be transported to lower temperature levels 
when it would not be evaporated. However, in the above 
experiments the multi-entry type fins provided efficient 
solid nucleation centres and retained all the solid, thus 
overcoming this problem. 

Because of the good retention of the solid deposits, the 
plate-fin unit is also suitable for use as a dual alternating 
(or blocking) purification exchanger, when a pair of 
exchangers are alternated, one on stream condensing out 
the solid impurity while the other is off stream being 
warmed up and all the solid being evaporated from it 
before being cooled down and returned on stream again. 
This system! * is not as elegant as the reversing exchanger, 
but would be used, for example, where the solid-vapour 
phase equilibria or the operating temperature differences do 
not meet the above reversing exchanger requirements. For 
this application the heat capacity of the plate-fin unit is 
very low, since 75% of its surface area consists of very 
thin fin corrugations. This is a definite advantage, as it 
reduces to a minimum the refrigeration load associated 
with warming and cooling the units. This advantage is 
exploited in a scheme proposed! for hydrogen purification 
in the range 50°K to 20°K. 
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Appendix 
Example of a Calculation of the Block Dimensions of a Low- 
temperature Plate-fin Heat Exchanger 

Units of ft Ib hr °K will be used throughout this Appendix. 
The appropriate conversion factors are given in Figs. 6, 7(a) 
and 7(b). 

A reversing plate-fin heat exchanger is required to cool 
1000 lb/hr of hydrogen at 5 atm. from 150°K to 50°K by 
1037 lb/hr of hydrogen at 1.5 atm. and 49°K. The permissible 
—— drop in the low-pressure stream is 0.04 atm. and a 

% design margin on heat-transfer performance is required. 


Plate-fin Geometry 
Since it is a reversing exchanger, the high- and low-pressure 
channels will have the same cross-section and plate-fin 
geometry. (Otherwise the high-pressure channels could have a 
smaller cross- section.) Multi-entry fins will be chosen and, 
to give a small block volume, relatively close plate and fin 
spacings will be chosen with the following dimensions: 
Plate spacing = 0.250 in. = 0.0208 ft 
Plate thickness = 0.030 in. = 0.0025 ft 
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12 
0.006 in. = 0.0005 ft 
= 0.077 in. = 0.00645 ft 


2 
~ 0.0208 —0.0005 


2 _ 2 3 
Qos = 310 ft?/ft 


Number of fins per inch 
Fin thickness 
’, Fin spacing 

Thus: 


Primary surface area, A: = 98 ft?/ft® 


Secondary surface area, Az; = 


Equivalent hydraulic diameter, de = 0.010 ft 


PER. Ae 
(98 + 310) 
and t = 0.0005 ft 


Calculation of J and F Values 
The heat-transfer and friction factor relationships for these 
multi-entry fins are plotted in Fig. 5 and can be expressed as 
follows: 
Re > 700 
St = 0.071 Re-°-** Pr-*/* 
and f = 0.60 Re~*** 
giving a= 0 
and A= 0 


.24 and b 
.071 and B = 


= 0.31 
0.60 


St = 0.087 Re-°-*’ Pr-?/° 
and f = 30.4 Re-*"' 
giving a = 0.27 and b = 0.91 
and A = 0.087 and B = 30.4 
The corresponding values of J and F are then obtained from 
—— (7a) and (8a); they are plotted in Fig. 6 for 
e> 


Temperature Difference Distribution 

Since the two channels are geometrically the same, the 
temperature difference, At, is the same in both gas streams and 
equal to half the overall temperature difference between the 
two streams. 

From a heat balance, using data’ for the total heat of 
hydrogen and assuming no heat leak, the warm-end overall 
temperature difference is 3°K, the cold-end overall tempera- 
ture difference is 1°K, and the distribution of the temperature 
difference, At, in each gas stream is as shown in Fig. 12. 

Values of (Cp/At.J)r and (Cp. F/At.J)r are then plotted 
over the full temperature range (see Fig. 12), using the appro- 
priate J and F values plotted in Fig. 6 for hydrogen and the 
multi-entry fins, assuming for the present that Re > 700. The 
pressure dependent quantity F is based on 1.5 atm. for the 
low-pressure stream. 


Pressure Drop 

The pressure drop is greatest in the low-pressure stream and 
the permissible value is 0.04 atm. Therefore, the design is 
based on the low-pressure stream conditions for a pressure 


= 0.033 atm. 


i.e.: AP = 70.0 lb./ft? 
after allowing for a 20% increase in the calculated length of 
the exchanger for the design margin on heat transfer 
performance. 


0.04 
drop of —— TW 


Calculation of the Free Cross-section, S, of Block 

From Equation (11), using the values for a and b for 
Re > 700, the required free cross-section of the heat exchanger 
(based on the low-pressure stream conditions) is given by: 


147° 
-4- qa | (SS) 
a AP* (A, + Ag mJ. At.J/r 4 


where AP = 70; 
= 0.01; 
Ai = 98; 
and A2 = 310. 
We will assume, for the present, that nr = 0.85. The integral 
is equal to 1.28 X 10-*, from Fig. 12. 
. $= 63 x 10- = ft? Ib.-" hr. 
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REYNOLDS Number 

The REYNOLDS numbers must now be calculated to see if 
they lie within the range assumed for the heat transfer and 
friction factor relationships, i.e., 10,000 > Re> 700 in this 
case. 
Thus: 


de 


S . Ur 470 
Re 450 


= 1200 
= 2700 


Rey 470 = 


and 








so that the REYNOLDS numbers are well within the assumed 
range. 


Fin Efficiency 
Also, the fin efficiency must be calculated to see if it is at 
least not less than the assumed value, i.¢., 77 = 0.85 in this case, 
From Equation (7), using the same a and 5 values, 
higo = (S)-*-"*. (de)~*-™*. Jae 
= 54.0 


and, from Fig. 7 (b), 
km = 37.0 at 49°K. 


. | _Ar ) a 
, (Me. — 2900 


4% 
when, from Fig. 7 (a), 
nm = 0.84 at 49°K. 





and, similarly, 
np = 0.85 at 147°K. 

Therefore, the assumed value of 0.85 is only just low 
enough. If this calculated fin efficiency is very different from the 
assumed value, the cross-section should be recalculated using a 
safer value. 





Calculation of Length, L, of Block 
From Equation (12), using the same a and b values, the 
required length is given by: 
147 


0-24 


49 


c ) 
At.J al 


0.01; 
S$ = 6.3 x 10-*; 
Ai 98; 
Ay 310; and 
nf 0.85; 


where d& 


and the integral is equal to 4.63 xX 10°, from Fig. 12. 
“. L = 25.0 ft. 


Final Block Dimensions 

Allowing a 20% design margin on heat-transfer performance, 
the actual length of the block will be 30 ft. 

To allow for the cross-section of the block occupied by the 
metal, the free cross-section must be multiplied by the factor: 


0.250 + 0.030 0.077 + 0.006 
(s530 — 74) i ( 0.077 

Therefore, the actual cross-section of the block will be: 
1.24 X 2 X 1037 x 6.3 X 10-* = 1.62 ft’. 


This takes account of both gas streams and is based on the 
flow of the low-pressure gas stream. 

If we assume, for example, that the maximum length of a 
block is limited to 9ft and the maximum cross-section to 
2.5ft®, this exchanger would consist of a set of four 
standardised blocks connected in series, each 7 ft 6 in. long and 
with a square cross-section of 15.2in. X 15.2 in. excluding the 
thicker outside containing plates. Each block would have 54 
gas passages (27 per gas stream), each } in. wide, i.e., 55 plates, 
including the two outside containing plates. 

For the same heat exchanger specification, but larger flows, 
a set of four such blocks in series would be used up to their 
maximum cross-section of 2.5 ft* to handle up to 1.5 times the 
above flows. For still larger flows, two duplicate sets, each of 
four such standardised blocks and with the same cross-section, 
would be used in parallel to handle up to three times the 
above flows, and so on. 

N.B. In the above example, At, Cp, J and F vary consider- 
ably with temperature and there is an unusual distribution of 
At, so that the integrals in Equations (11) and (12) have to be 
evaluated to obtain sufficiently accurate results. However, in 
several cases, particularly for small temperature ranges, the 
log mean temperature difference and average values of Cp, J 
and F, at the average temperature, can be used instead of 
evaluating the above integrals. 





= 1.24 


Water Treatment Plant for Fords 


HEN considering plans for the new paint, trim and 

assembly building at Ford’s Motor Works, Dagenham, 
a double problem concerning water supply confronted the 
management. Both problems affected vehicle body produc- 
tion. The first was the possibility of a restriction in the 
supply of mains water coupled with a recent increase in 
water charges. No alternative source of supply was available 
and Ford’s production engineers were worried, since it was 
envisaged that about 25,000 gal./hr or 400,000 gal. a day 
would be required. The second problem was that mains 
water contains dissolved solids, the presence of which 
could affect the finishing processes. 

The Permutit Co. Ltd., London, were asked to investigate 
the question of water treatment to overcome these difficulties 
economically. The scheme proposed by Permutit and 
applied in Ford’s comprehensive plant recovers the waste 
water from the Paint Spray Washmobile Section and Wet 
Sand Deck, purifies it and recirculates it for re-use; at the 
same time it produces demineralised water for the Washmo- 
bile. Normal output is 23,000 gal./hr of purified, reclaimed 
waste water and 6300 gal./hr of demineralised water. 

Waste water reclamation involves a process of chemical 
treatment, flocculation, sedimentation and filtration which 
removes suspended solids from the recovered water and 
destroys harmful bacteria. The waste water from the Paint 
Spray Washmobile and Wet Sand Deck is collected by a 
drain system and delivered to a tank from which it flows 
over a weir and dosed with chemicals. The chemicals used 
are lime suspension and a mixture of chlorine and ferrous 
sulphate. These chemicals sterilise the contaminated water 
and interact to form ferric hydroxide—a floc forming sub- 
stance which coagulates suspended solids. Coagulation is 
assisted by two paddle wheels which agitate the flocculated 
water as it flows through a channel into sedimentation tanks. 
Here the heavier coagulated solids settle as sludge, which 
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is removed periodically from the bottom of the tanks and 
discharged to drain. Partially clarified and settled water 
collects at the top and flows to rapid gravity sand filters 
where residual suspended solids are removed. The filtrate is 
then recirculated for re-use by the Wet Sand Deck, a propor- 
tion being by-passed through the “Deminrolit” plant en 
route to the Washmobile. 

The by-passed filtrate is blended with mains water in a 
break pressure tank. The mains water is introduced at this 
point for convenience and to make up losses resulting from 
periodical sludge removal and filter washing in the waste 
reclamation point. The blended water flows through a two- 
stage Deminrolit plant comprising a pair of hydrogen-ion 
cation exchange units and a pair of De-acidite anion 
exchange units. These units are arranged as pairs in 
parallel and the water flows first through the H.I. units and 
then through the De-acidite units. In the H.I. units dissolved 
salts are converted to their corresponding acids, which are 
then absorbed as the water passes through the De-acidite 
units. CO, is liberated by the breakdown of the dissolved 
bicarbonate salts in the H.I. units. This is removed in a 
degassing tower where the water falls through an upstream 
of blown air which picks up the CO, and vents it to atmo- 
sphere. The de-gassed water collects in a tank at the base 
of the tower where it is dosed with a small quantity of 
dilute caustic soda solution. This neutralises residual CO, 
and maintains correct pH conditions. The water is then 
pumped to the Washmobile via a reserve storage tank. 

The benefits afforded by this plant are considerable. The 
total consumption of mains water required by the new 
body-finishing building is reduced from 400,000 gal. daily 
to 32,000 gal. daily, (thereby cutting water charges) and 
obviating the risk of an interruption in the supply. 

This type of plant has much to offer to manufacturers 
in other industrial fields, including the chemical industry. 
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SECONDARY SURFACE HEAT EXCHANGERS 


The construction, use and heat-transfer characteristics of the latest 
type of compact low-temperature exchanger 


by A. G. LENFESTEY, B.A. 


HE use of secondary surface plate-and-corrugation 

heat exchangers has long been established for aircraft 
applications for which their compact form and low weight 
are ideally suited. During the 1930s this type of construc- 
tion was introduced by Marston Excelsior Ltd. for aero- 
engine radiators, using dip-soldered copper. Since that time 
this basic form of construction has been widely used and 
developed for an ever-increasing range of applications and 
materials. Process developments have led on the one 
hand to inert atmosphere furnace-brazing of copper, 
nickel, steel, titanium and various non-ferrous alloys, and, 
on the other hand, to flux dip-brazing of aluminium alloys, 
the latter process being operated under licence from 
A.L.C.0.A. 

The combination of the plate-and-corrugation construc- 
tion and the dip-brazing process has resulted in an 
extremely adaptable design basis for high-efficiency, com- 
pact heat exchangers. These are particularly well suited to 
low-temperature applications, not only for their perform- 
ance and compactness, but also for their low heat capacity 
and for the excellent ductility and increasing strength of 
aluminium alloys at sub-atmospheric temperatures. The 
manufacturing techniques and equipment have been 
developed progressively to produce individual elements of 
considerably greater size than are at present made in 
furnace-brazed constructions, and the argon-arc welding 
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process has contributed materially in the attachment of 
header tanks and pipework and in final assembly work. 

During recent years a wide variety of dip-brazed alu- 
minium alloy plate-and-corrugation heat exchangers has 
been designed, manufactured and successfully operated in 
low-temperature plants, both on an experimental and on 
a “tonnage” scale. Undoubtedly the use of such units will 
become even more widespread in the future. 


Method of Construction and Mechanical Design 

The basic method of construction is extremely flexible, 
and can be efficiently applied to many differing conditions 
of operation. Fig. 1 shows the method of assembly of a 
single element or passage, consisting of two flat plates, one 
strip of corrugation and two edge-sealing channels. This 
method is used for furnace-brazed constructions and for 
dip-brazed aluminium alloys. The brazing medium is in- 
corporated in the build-up to provide uniform bonds 
throughout the whole assembly. Most careful control is 
exercised to ensure the quality and uniformity of these 
bonds which must provide both the thermal contact 
between the flat “primary surface” plates and the “secon- 
dary surface” corrugations, and also the mechanical ties 
to withstand internal pressure loadings. 


Flow Patterns 
Fig. 2 illustrates the two basic methods by which a 
number of elements may be built up to provide either a 


TABLE ‘1. Geometrical Data for Typical Corrugations 
(This does not represent the complete range) 





Type Height Fins per 
wy in. t 


in. in. 


Thickness 


A, 
ft? 


= & 
ee 


a 
ft? 





0.010 
0.010 
0.010 
0.010 
0.012 
0.008 
0.008 
0.010 
0.010 


Plain 0.25 10 
at 0.35 12 

4 0.464 12 
Multi-entry 0.15 12 
al 0.25 12 

Re 0.35 15 

m 0.464 15 
Herringbone 0.15 18 
cs 0.35 18 





0.0109 
0.0100 
0.0106 
0.0080 
0.0092 
0.0083 
0.0086 
0.0057 
0.0067 


4.80 
8.15 
10.90 
3.36 
5.71 
10.26 
13.70 
5.04 
12.23 


0.0180 
0.0249 
0.0334 
0.0102 
0.0170 
0.0251 
0.0335 
0.0096 
0.0232 


or eo 
RRAR=ARRAS 








a = free-flow area per foot width of corrugation; A, —oaey eae area per ft width x ft length of corrugation; A, = 





dary surface area per ft width x ft 





length of corrugation; d — hydraulic mean diameter = 
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wetted perimeter mm (A, + Ay) 


for areas specified above. 
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FLAT PLATE 


CORRUGATION 


EOGE SEAL 


Fig. 1. Method of assembly of element. 


Fig. 2. Typical arrangement of elements. 


cross-flow or a contra-flow unit. Either of these arrange- 
ments may be further developed to produce multi-pass or 
multi-stream configurations by including suitable internal 
seals and distributors and external header tanks. Some 
typical arrangements are shown in Figs. 3-7. 

The simple’ cross-flow layout in Fig. 3 is generally suit- 
able for low to moderate duties. For higher duties, when the 
mean effective temperature difference in cross-flow is signifi- 
cantly below that in contra-flow, the use of a cross-contra- 
flow pattern, as illustrated in Fig. 4, frequently offers an 
efficient and compact solution. This arrangement is used 
extensively both for gas/gas and for gas/liquid applica- 
tions, especially when handling a low-pressure gas stream 
on one side of the heat exchanger. 

For many low-temperature applications a very close 
temperature approach relative to the overall temperature 
range is required, and in such cases contra-flow units are 
generally provided. Headering arrangements must be 
matched to the type of duty involved. Fig. 5 shows an 
arrangement which is mainly suitable for low-pressure ap- 
plications, while Fig. 6 illustrates a symmetrical arrange- 
ment suitable for reversing duty and for large-size high- 
pressure units. For more than three streams an arrange- 
ment such as Fig. 7 may be used. 


Corrugations 

With any of these flow arrangements, the corrugations 
may also be varied. A comprehensive range has been 
developed to cater for widely differing requirements, and 
includes plain, straight-through passages, pierced “multi- 
entry” passages and continuously waved “herringbone” 
passages. Typical examples are specified on Table 1. For 
standard industrial applicationg heights vary between 0.15 
in. and 0.464 in., thicknesses between 0.008 in. and 0.015 
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CONTRA - FLOW 
ARRANGE MENT 


Fig. 3. Simple cross-flow layout. 


i 


f 


Fig. 4. Cross-contra-flow layout. 


in. and fin pitching from 10 to 15 or 18 fins per in. Sur- 
face areas range from about 300 to 450 sq. ft per cu. ft 
block volume, and free-flow areas from about 0.75 to 0.80 
sq. ft per sq. ft cross-section. Each of these may be appor- 
tioned between the various streams to suit requirements. 
In general, the 0.15 in. or 0.25 in. high corrugations are used 
for liquid or condensing streams, and the taller corruga- 
tions for gas streams, though there are exceptions. The 
“multi-entry” and “herringbone” patterns give enhanced 
heat-transfer characteristics and are particularly attractive 
for applications involving close temperature approaches 
(i.e., characteristically long units). 


Manufacture 

Each unit is assembled directly into its brazing jig. After 
brazing, the unit is removed from the jig, thoroughly 
cleaned and leak tested. Header tanks are then fitted, 
generally by Argon-arc welding. Fig. 8 shows a cross-contra- 
flow unit with the high-pressure multi-pass tanks in position, 
and with detachable tanks on the low-pressure straight- 
through stream. This illustrates the relationship between the 
internal block geometry and the header tanks. For industrial 
applications, the end tanks are normally butt-welded in 
position. A set of small contra-flow units is shown in Fig. 9. 
The left-hand unit is a simple two-stream unit, while those 
on the right each carry a third stream. These units are typical 
of many which have been supplied for small and medium- 
sized plants. 


Composite Assemblies 

On tonnage-scale plants it is frequently necessary to 
build up a number of individually brazed blocks into a 
composite assembly. The maximum size of each block is 
governed by the brazing facilities and techniques. Present 
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Fig. 5. Contra-flow type 1. 


Fig. 6. Contra-flow type 2. 
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Fig. 7. Contra-flow type 3. 


limits for dip-brazed aluminium alloy contra-flow blocks 
are about 9 ft overall length with 17 in. by 21 in. cross- 
section, giving a total volume of about 22 cu. ft. A number 
of such blocks may be assembled together either in parallel 
or in series, or a combination of both, in order to cater for 
the overall specified duty. A typical example is shown in 
Fig. 10. A further possibility is to weld together several 
separate heat exchangers into a composite assembly, with a 
common stream on one side and several distinct streams in 
parallel and series on the other side. 


Pressure Limitations 

For low to medium steady operating pressures, say, 
50-100 psig, the block layout and headering arrangements 
can be determined primarily on performance and installa- 
tion considerations, and in general no undue mechanical 
problems are encountered. 

For higher pressures and for reversing pressures, 
mechanical design aspects must be considered from the 
outset. The two major factors are the internal pressure 
loadings on the corrugations, and those on the header 
tanks, together with any external loadings imposed through 
the pipework. The strength of the corrugations and asso- 
ciated brazed joints obviously dictates the maximum pres- 
sure to which this type of construction may be subjected. 
Depending upon their type and thickness, the aluminium 
corrugations are generally satisfactory for static test pres- 
sures in the range 600 to 1000 psig. For low-temperature 
applications the corresponding rated maximum operating 
pressures would be in the range 250 to 450 psig for steady 
conditions and 125 to 225 psig for reversing applications. 
Typical test units have been pressure cycled at room tem- 
perature between 0 and 150 psig and have withstood over 
1 million reversals without failure. Static test samples have 
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been taken up to 1800 psig. 

The pressure loadings on the header tanks, however, 
present a more immediate problem, for as the test pres- 
sure is increased the tank span must be reduced in order 
to keep the peripheral loading within reasonable limits. 
The position is further aggravated if additional external 
loadings are imposed through the adjacent pipework, due 
to thermal contraction and expansion effects. This means 
either that the block cross-section must be kept small on 
high-pressure applications, to suit the tank design require- 
ments, or that small tanks must be fitted, with internal dis- 
tributors to spread the flow within the block itself, such 
distributors also being designed to withstand the high 
pressures involved. Both methods have their uses, depend- 
ing upon other design considerations. 

Large-scale units have been made and operated in this 
country at steady pressures up to 300 psig with test pres- 
sures up to 500 psig at room temperature, while designs 
of large cross-section blocks have been investigated for 
test pressures up to 600 psig. Small-scale units could ob- 
viously be taken to somewhat higher figures, and develop- 
ments are in hand to extend the range on the larger units. 

Fig. 11 shows a cross-flow heat exchanger with a high- 
pressure vertical stream and a low-pressure horizontal 
stream. This unit was made up in eight separate elements 
owing to the tank stresses on the high-pressure side which 
was tested to about 400 psig. 

Fig. 12 shows a contra-flow assembly fitted with twin 
end tanks. This type of arrangement is ideally suited to 
reversing applications owing to the symmetry of the two 
sets of passages. Under such circumstances, both sets of 


Fig. 8. Cross-contra-flow unit with end tanks attached. 


Fig. 9. Heat exchangers for gas purification plant. 





passages must be subjected to the same test pressure, which 
is much higher than for comparable operating pressures 
under steady conditions. This type of arrangement is also 
suitable for use with two high-pressure streams, or, with 
the addition of side tanks, and perhaps a central end tank, 
for operation with three, four or five streams. Such units 
have been made and operated extensively in the U.S.A., 
where the demand developed earlier than in this country. 

Fig. 13 shows a small experimental reversing heat ex- 
changer which is one of a set supplied to A.E.R.E. Har- 
well for their experimental work on hydrogen purification 
and distillation. This is a particularly interesting illustration 
of the manufacturing flexibility which can be achieved. 
Each block contains five separate streams, and the five 
blocks are connected in series on all five streams. The two 
main hydrogén streams are reversed between 0 and 10 
atma. This unit has been operated between room tempera- 
ture and liquid nitrogen temperature, while the remaining 
units have extended the range down to liquid hydrogen 
temperature. In order to facilitate installation of the units 
and fitting of instruments, all of the open-ended pipe con- 
nections were made with flash-butt welded aluminium- 
copper pipes as used in the refrigerating industry. These 
joints have proved to be fully satisfactory at the somewhat 
ardous operating conditions imposed. 


Vacuum Conditions and Tests 

The plate-and-corrugation construction is used exten- 
sively for operation under partial vacuum conditions. 
Such units are always subjected to a hydrogen leak detec- 
tion test at high vacuum on the final assembly. Similar 
tests are also carried out when required on units designed 
for operation at positive pressures, thus ensuring an excep- 
tionally high standard of leak tightness. 


Performance Estimates and Range of Application 


The basic methods of performance calculation are the 
same as for any other type of heat exchanger, and similarly 
rely upon experimentally-derived performance characteris- 
tics for the type and geometry of surface to be used. Some 
typical curves for single-phase flow are shown in Fig. 14. 
Heat-transfer characteristics are plotted as Stanton Number 
(for air) versus Reynolds Number, the latter being based 
upon an equivalent hydraulic mean diameter between the 
corrugations. This does not provide a universal correla- 
tion for any particular type of surface but the curves 
shown represent a close approximation for the corruga- 
tions detailed in Table 1. These curves may be used 
directly for any gas with Prandtl Number similar to that 
for air. For any other fluids, the curves may be modified 
to the Colburn factor j' by including the usual Prandtl 
Number term. 

The “multi-entry” and “herringbone” corrugations offer 
considerably enhanced heat-transfer and _pressure-loss 
characteristics, resulting in a marked reduction in block 
length required but some increase in total cross-section 
for a given thermal duty and pressure loss. This is particu- 
larly valuable for units involving close temperature 
approach throughout a wide temperature range, though 
total effective passage lengths of up to 20 ft may still be 
required. 


Fin Efficiency 

Once the heat-transfer coefficient has been determined, 
the fin efficiency must be evaluated for each stream. The 
standard relationship for straight uniform fins applies. 
For ease of application, this is plotted on Fig. 15 in terms 
of two parameters for direct use with Al-1.2% Mn alloy 
at room temperature, with suitable correction factors for 
lower temperatures. These curves may also be used for 
other metals, or for different fin heights, provided that 
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Fig. 11. High-pressure cross-flow heat exchanger. 


Fig. 12 (above). Two-stream symmetrical assembly. 


Fig. 13. Experimental unit for hydrogen purification. 
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Fig. 17. Heat load temperature diagrams. 
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suitable adjustments are made to the two parameters. 

In cases where a fouling factor is required on any 
stream, the effective heat-transfer coefficient including 
fouling should be evaluated before estimating the appro- 
priate fin efficiency. The fin efficiency term is applied to 
the secondary, or fin, surface only; hence the total effec- 
tive surface per unit length in each stream is obtained. 


Overall Heat-transfer Rating 

In evaluating the overall heat-transfer rating, it is pre- 
ferable to depart slightly from standard practice, and for 
contra-flow blocks to consider the term (hA)/L for each 
stream where A is the heat-transfer coefficient and A/L is 
the effective surface area per unit length for the stream 
considered. 

The thermal resistance across the primary plates can 
generally be ignored for the plate thicknesses and heat loads 
employed. Hence the overall heat-transfer rating per unit 
length is obtained as: 

L/(hA)ov = L/(hA)n + L/(AA)- ~sest) 

From the total heat load, Q, and the mean effective tem- 
perature difference, Ar, the required duty is: 

Q/ At = (hA)o» wae 
from which follows the total net length, L. 

This may be increased to include a design margin. Appro- 
priate allowances must also be made to cover end distribu- 
tors within each block. 

If more than two separate streams are included in a 
single heat exchanger, there is a further consideration which 
may be significant and where the treatment may differ from 
that used for tubular constructions. Since the whole unit is 
brazed into a single “honeycomb” structure, there must 
be continuity of metal temperature throughout. Hence, if 
several separate cooling streams with similar heat-transfer 
characteristics but at somewhat different initial temperatures 
are distributed across the section, their temperatures will 
tend to converge to the same outlet value. 

Fig. 16 shows a typical temperature distribution diagram 
across a section of a three-stream heat exchanger. Under 
these conditions, the heat transfer per passage to stream 3 
will be less than to stream 2, and so the local temperature 
rise per unit length will be less in stream 3 than in stream 
2. Thus the difference in temperature levels and resultant 
relative heat-transfer rates to streams 2 and 3 will be pro- 
gressively reduced along the length of the unit until com- 
pletely eliminated. 


Flow Distribution 
When very close temperature approaches are required, 
uniformity of flow distribution becomes an important con- 


sideration, both within each heat exchanger element and, 
for composite assemblies, between individual elements. Fig. 
17 illustrates the effect on heat load-temperature diagrams 
of flow mal-distribution between two elements in parallel, 
while the quantitative effect on overall performance is 
given in Fig. 18 for the limiting design condition of zero 
temperature difference, i.e., infinite heat exchanger length, 
and for a design approach of 3°C per 100°C extreme 
between hot and cold inlet temperatures. Considerable 
theoretical and experimental work has been carried out on 
this problem regarding both internal distributors and ex- 
ternal manifolding. While pressure losses are kept as low 
as possible in the external manifolding, those in the 
internal distributors are inevitably relatively high, since 
these distributors must also be designed to carry the 
internal pressure loading across the primary plates. 


Range of Application 

From the performance point of view, the secondary- 
surface plate-and-corrugation type of construction offers 
an attractive solution to almost any type of heat exchanger 
problem in the low-temperature field, covering any com- 
bination of gaseous, liquid, condensing or evaporating 
streams. The type and arrangement of corrugations can be 
selected to suit each particular application. The maximum 
size and pressure limitations have been set out above. 
Compatability of the working fluids and materials of con- 
struction must always be considered. 

Problems of fouling and possible blockage should be 
investigated at an early stage, first to establish the suit- 
ability of the application for this type of construction, and, 
secondly, to ensure that the most appropriate type of cor- 
rugation and layout is adopted. For instance, in reversing 
heat exchangers in which removal of solid impurities is 
required, the “multi-entry” corrugation is effective in re- 
taining solid particles at their point of deposition. In other 
cases, plain passages may be preferred to permit free 
transit of contaminating solids through the heat exchanger. 
In the case of “permanent” fouling, chemical cleaning 
methods can sometimes be used. 

Figs. 8 to 13 serve to illustrate the wide range of design 
flexibility which can be provided. Variations in size are 
almost infinite. The largest single composite assembly so 
far manufactured and operated contains no less than 
160 cu. ft of effective heat-transfer volume. The smallest 
aircraft unit made is a mere 3-in. cube. 
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Operating and Testing Connersville Meters 


ONNERSVILLE meters are based on the design of the 
“Roots blower”, except that the impellers are of a more 
exact epicycloidal profile and are machined to a very close 
tolerance. At the 25th Autumn Research meeting of the 
Institution of Gas Engineers, G. Dougill presented a report 
(Publication No. 557) on their operation and testing, based 
on over 20 years of experience, Tests of accuracy were based 
on both calculations of the gas flow assessed by the speed 
of rotation and the known swept volume of the impellers, 
and also on comparison against standardised wet meters. 
The Connersville meters proved to be satisfactory, usable 
up to 30% overload and even in one test up to 200% of 
the rated load. Apart from bearing failure, the most fre- 
quent trouble is lack of exact synchronisation of the two 
impellers. The mechanical clearances are small and the im- 
pellers must never come into contact at any part of the 
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revolution. To achieve this, the back-lash of one pair of 
gears is taken up in the clockwise sense, and the back-lash 
of the other pair is taken up in the counter-clockwise direc- 
tion, whilst the clearance at each side of the impellers is 
equally divided. 

Mr. Dougill stated that it is now standard practice for all 
North Thames new meters, and also for any meters removed 
from their foundations for overhaul, to undergo the follow- 
ing tests and examinations before being installed: 

(1) All mechanical clearances are measured and recorded. 

(2) A volumetric accuracy test is taken at 10, 20, 30, 40, 

70 and 100% of full load. 

(3) A slip test is taken and recorded in rpm at three 

differential pressures. 

(4) The counter is checked to confirm that it is operating 

properly and is of the correct ratio. 
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A SIMPLIFIED REGENERATOR THEORY 


The derivation of a simple expression for regenerator efficiency 
is discussed by the author 


by W. F. SCHALKWIJK, Ph.D. 


HE possibility of a simple formula for 7, the regenera- 

tor efficiency, arises from the fact that most 
regenerators encountered in practice have very simple 
temperature fields in their central parts. In the symmetrical 
case, which we treat here, this temperature field is to a high 
degree of approximation linear, viz., equal to the zero’th 
Eigenfunction introduced by Hausen.’ This Eigenfunction 
is the simplest solution of the differential equations, and 
can be written for the matrix temperatures as follows: 

Tw =A+B(x—-D 

Tw = A+ B(x—Tl+A 
Tw represents the matrix temperature during the period in 
which the gas flows in the positive direction (from the low- 
temperature side to the high-temperature side), 7’~ is the 
matrix temperature during the negative period, A and B are 
constants, and A and II are the dimensionless length and 
period of the regenerator respectively. 

The higher Eigenfunctions decrease rapidly towards the 
centre of the regenerator, as shown in Fig. 1, where the 
matrix temperature is represented at the beginning and 
the end of a period by the full lines, whereas the zero’th 
Eigenfunction for the same times is represented by a 
dotted line. In the central part of the regenerator the lines 
coincide. The gas temperature difference across the 
regenerator is denoted by AT7,. If the temperature field 
in the central part of the regenerator is linear we can 
draw from this fact two important conclusions. 

The heat loss of a regenerator during a complete cycle is 
equivalent to an amount of enthalpy (or heat) which 
enters the regenerator at the high-temperature side, is 
passed on unchanged through every cross-section of the 
regenerator (according to the first law of thermodynamics), 
and leaves the regenerator at the low-temperature side. 
This “enthalpy transport” is due to the gas having a dif- 
ferent mean temperature in both periods. 

We shall indicate this enthalpy transport by H. As it 
must have the same value in every cross-section, we can 
calculate its value at any point we like. We start with a 
point where only the zero’th Eigenfunction is present. By 
calculating the gas temperatures from the matrix tempera- 
tures and averaging, we find easily: 

H = 2BC,. 
C, represents the total thermal capacity of the gas flowing 
through the regenerator during the positive or the negative 
period. 

From the definition of efficiency: 

H = (1 — ») ATC. 


0<xSA, 05's 
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Fig. 1 (top). Temperature field in regenerator. 
Fig. 2. Temperature field in longer regenerator 
of the same class. 


From both formule one finds, as the quantity C, cancels: 
(1 — ») AT, = 2B ENT 

This is our first result, derived from the fact that the 

temperature field in the central part is linear. 

We now compare two regenerators with different values 
of A and AT, but the same value of Il. We can prove 
rigorously that in this case, and only in this case, we can 
make the zero’th Eigenfunctions in both regenerators iden- 
tical by choosing suitable values for AZ, in these 
regenerators. This is shown in Fig. 2. If we compare this 
with Fig. 1, we see that the right-hand part of the regenera- 
tor is slid upwards and to the right along the dotted lines 
until it occupies the position indicated in Fig. 2. In this 
way we have constructed the matrix temperature field 
which must be present in the second regenerator. 

From Fig. 2 we can derive the relationship between 
both gas temperature differences. We draw a line parallel 
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Fig. 3. Graph indicating the values of 
Q (and ©.) as a function of TT. 
































to the dotted lines (see Fig. 2) and see at once that the 
following relation must hold: 
ATa = ATa = B(Ay bia Ay) 

This is the second result we need. 

Employing Equation (1) allows us to eliminate AJ, and 
AT from Equation (2). The quantity B cancels, as it has 
the same value in both regenerators. After some rearranging 
we obtain: 


ress 


2 
A, — cS CR ogee 
1 — 1 — % 
As this relation must hold for every value of A», we see 
that this expression is invariant for a whole class of 
regenerators having the same value of II, For regenerators 
with different values of II, the expression also has different 
values. 
Hence we may write: 


2 
A+2—-— = a (I) 
= 
when © is a correction to A and depends only on IT, 
We added the constant 2 to the expression, which is, of 
course, permissible, and which ensures that © always has 


positive values, This can be restated in the form: 

A—aQ 

' A—Q+2’ 
We now find, if we calculate 2 from known values of 

n, that it is indeed independent of A (or I) if we keep II 

constant. In the following small table we give slightly 

rounded-off figures for ©, II being equal to 4. 


Q = 0 (ID. 


u) 




















possible from known values of » for the given values of 
II (cf. ref. 2). These values are shown in the following table. 


Values of II for different values of Q 








II Q II Q II Q II Q 

1 0.081 6 2.07 11 5.12 16 8.58 
2 | 031 7 2.63 12 5.79 17 9.30 
3 0.65 8 3.22 13 6.48 18 10.03 
4 1,07 9 3.84 14 7.17 19 10.76 
5 1.55 10 4.47 15 7.87 20 11.50 





r 1 2 3 4 5 





0.99 1.07 1.07 1.07 1.07 


























Already for [T= 2 we see that 2 becomes constant. This 
has been verified for values of II between 1 and 20. The 
limiting values of © have been determined as correctly as 
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To extrapolate the values of © to higher values of II we 
used the formula: 
OQ, = I + 2 — 2.35/11. 

This formula is to be considered as an asymptotic ex- 
pression which holds true up to the highest values of IT, 
but which is not valid for low values of II, This is indicated 
in Fig. 3, where the calculated values of 2 are shown by 
a full line and the asymptotic formula by a broken line. 
They are seen to coincide in the vicinity of II = 20. 

The accuracy of our representation was tested by calcu- 
lating values of (1 — »), as this quantity is generally more 
important than 7 itself. For f =1, and values of II 
between | and 20, relative errors of the order of magnitude 
of ~ 1% were found. For [ =2 the relative error 
quickly became insignificantly small. As in practice T > 
1 will always hold, it will be found that our formula is 
sufficiently accurate to represent all practical cases. 

An analogous theory can also be developed for the 
general case, in which the parameters have different values 
in both directions. Here, also, a reduction of the number 
of parameters is achieved by the introduction of an in- 
variant expression. 
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by H. LONDON 





This paper sets out to answer the question “Is there a 
theoretical limit to the efficiency of a heat exchanger?”, 
and to show also how an increase in efficiency is related 
to an increase in capital cost. 


HE purpose of a regenerator is to exchange the 

enthalpy of two gas streams, the temperatures of which 
are increased or decreased by AT such that the mean 
temperature difference, 257, between the two streams is as 
small as possible. This should be achieved with the pres- 
sure drop, Ap, along each gas stream kept as small as 
possible. This pressure drop will, in general, be different 
for the two streams if the mean pressure of the streams 
differs. But since we intend to apply only dimensional argu- 
ments, we shall assume equal pressures for both streams; 
in the case where the two streams differ substantially in 
pressure, the pressure drop in the low-pressure stream 
would be the determining factor. 

A regenerator can be related to a balanced two-stream 
countercurrent recuperator of equal heat-transfer charac- 
teristics. The average temperature difference between the 
two streams of the regenerator, 257, is then related to 
that of the corresponding recuperator, 257, by an efficiency 
factor 

n = 67 /8T ieee 
which depends main!v on the amplitude of the tempera- 
ture oscillation yAT of the central part of the regenerator. 
In a regenerator in which 67/AT <1, the efficiency fac- 
tor 7 is approximately given by 

»=1-—0.7y wae ae 
This expression represents fairly well results originally due 
to HAUSEN and given by Jaxkos,' and also some data 
referring to still smaller 67/AT which have been made 
available to me by RUHEMANN. 

We describe the heat-transfer process in a volume 
element of a regenerator or equivalent recuperator in terms 
of the transfer length /, which corresponds to the height 
of a theoretical plate in distillation. It is defined as the 
distance in the direction of the gas stream over which 
the temperature changes by an amount equal to the dif- 
ference in temperature between gas and packing. 

The transfer length is given by 

1=m/St baaeeee 
where m is the hydraulic radius, i.e., the ratio of total 
volume to total surface of the packing and 

St = h/GC, bog se 
is the Stanton number, / being the heat-transfer coefficient, 
G the mass flow per total cross-section and C, the specific 
heat per unit mass at constant pressure. St is a function of: 
Re = mG/p 
where » is the viscosity of the gas. 

For a packed bed and comparatively large Re, DENTON’ 

has found 
St = 0.48 (Re)~** 

For laminar flow St oc (Re) 

Thus, in general, loc m" ‘ince 
where 13<n<2 ost foe 
These expressions for the transfer length / take account 


a0 vee 
.... (4b) 
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GENERAL CONSIDERATIONS 
ON EFFICIENCY AND COSTS 
OF REGENERATORS 


only of the gas to surface heat transfer. The heat resistance 
of the solid, which is negligible, and heat conduction in 
the direction of the gas flow, which can be important, can 
be formally expressed as an addition to (1). This is taken 
into account in the paper in (14). 
If we denote by L the total length of the exchanger and 
by 
N=L/il <7, | 
the number of transfer stages, also called the reduced 
length, then it follows from the definition of / that the 
thermal effectiveness 
6 = 28T/AT = 2/nN ia 
We next consider the pressure drop, 4p, along the trans- 
fer length, /. We express it in terms of the Fanning friction 
factor f: ' 
8p = 1.f.G*/2pm eae 
where p is the density. 
With (3), this becomes 
dp = (f/St) G*/2p = (f/Stpv?/2 .+. (9) 
The second form contains v, the linear velocity referred to 
the total cross-section. For gases the ratio f/St depends 
little on the Reynolds number. It therefore depends mainly 
on the geometry, not on the absolute dimension of the 
system. For open structures, e.g., thin-walled tubes, the 
order of magnitude f/St is 1, and it can be said that in any 
reasonable heat-transfer system involving gases, the pres- 
sure drop over the transfer length is of the order of magni- 
tude of the velocity head 4pv,*, where v; denotes the maxi- 
mum local velocity with the mean velocity taken along the 
lines of flow. The logarithmic pressure drop is 


2 (// St) v?/(2RT/M) = (7180) (v2/y2 a) & sv Fa 


ee 
Here we have introduced the mean square of the molecular 
velocity 


3 
V mol 


= 3RT/M Pee 


where R is the gas constant and M the molecular weight. 
Thus we have the interesting result that the relative pres- 
sure drop over the transfer length is of the order of 
magnitude of the square of the ratio of the local velocity 
to the r.m.s. gas kinetic velocity. 

The total relative pressure drop over the two regenera- 
tors (if the two gas streams have the same pressure) is 


r=? DP = 3(f/S1) (TV wa) = 6 /S1) TF na) |) 

«= vce 
or = = (f/St)(M/R) (1/Tp*) GN Jicaneeee 
where the mean is taken along the length of the regenera- 
tor, say, during the middle of a period. 

We note that for a given geometry, i.e., a given value of 
(f/St) the pressure drop depends only on gas velocity and 
on the thermal effectiveness, 4, or on the number of trans- 
fer stages, N. It does not depend on m, the hydraulic radius 
of the channels, and we can make the pressure drop as 
small as we like if we give the regenerator a sufficiently 
large area. 

A feature peculiar to regenerators which sets a limit to 
their usefulness at very low temperatures and very high 
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pressures is the ratio of gas hold-up to the amount of gas 
passed during a period. This is 
weCp — 


r= 
(l—w)esCs 


e+ (13) 


where w is the voidage of the packing and p,, C, are the 
density and specific heat of the packing material. 

This expression is approximate in as far as it assumes 
infinite conductivity inside the packing, but with y > @ the 
correction is small, and it works in the way that an im- 
provement in @ (i.e., decrease of @) will decrease r. How 
small r has to be depends on the manner one can deal with 
the gas hold-up when switching the regenerators in any 
particular application. What matters here is that r depends 
only on the physical properties of gas and packing, and 
on the geometry, but neither on the efficiences @ and = nor 
the hydraulic radius m. It is true that both @ ( (2) and (7) ) 
and r depend on the temperature oscillation y, but this 
means that one has to fix y so that r in equ. (13) is as small 
as necessary and then improve @ by increasing the length of 
the regenerator and the number of transfer stages, N. The 
increase in length does not affect r, as one might have 
thought, because it leads to a longer period for the same 
amplitude of temperature oscillation. Thus, although the 
hold-up goes up, the amount of gas passed increases by the 
same factor. : 

We have now established that we can reduce both the 
thermal losses and the pressure losses as much as we are 
prepared to pay for, by simply increasing the length and 
area of the regenerator without any other considerations 
entering. But before we can establish a relation between 
size and efficiency we have still to settle the approximate 
value of the hydraulic radius m to which the length of 
the regenerator is related through the transfer length /, 
which increases with m according to (5). As m has no effect 
on either = or r, it looks at first that one should make m 
as small as possible, and here the advantage of the re- 
generator over the recuperator is evident. It is easier tech- 
nically to make a finely divided bed than it is to fabricate 
a multiplicity of separate channels which must lead to 
separate headers. It is also not important to obtain an 
even flow distribution. The flow of the opposing stream 
takes place through the same channels and with the same 
Reynolds number. Therefore, the local deviations from the 
average will be the same and the two streams will be, so 
far as their flow is concerned, locally balanced. 

There is, however, a lower limit to the reduction in / 
imposed by the longitudinal heat conduction. This leads 
to an additional term to 7 in (3), leading to the amended 
value 

*=/1+ K/GC, = (m/SO)(1+ K/GC,) ....(14) 
where K is the combined gas and solid thermal conduc- 
tivity of the bed in the longitudinal direction. We cannot, 
therefore, reduce the transfer length indefinitely : 

I*> K/GC, acseeD 
One can show that the minimum volume of the regenera- 
tor is obtained if 
<a. 


-++- (17) 


l= K/GC, 
so that * = 2K/GC, = 2/ 
Then (12a) has to be amended into 
n* = 2 = 2(f/S)(M/R)(1/T) G/N .... (18) 

From this point of view, it is preferable to use a packing 
of low thermal conductivity, i.e., ceramics or pebbles. Even 
these have a considerably higher thermal conductivity than 
the gas. Thus their effect on the heat transfer inside the 
packing should not be too unfavourable, 

Equation (15) tells us that if we reduce G in order to 
reduce the pressure drop we have to increase the transfer 
length and the size of the packing elements. As the cross- 
sectional area for a given throughput is also inversely 
proportional to G, we find that the volume of a regenera- 


36 


Britain's first tonnage oxygen plant at Margam, near 
Swansea. The plant is the first of five which are being 
constructed to service individual iron and steel works 
in many parts of the country. (Photo: B.O.C. Ltd.) 


tor of optimum particle size is proportional to G* 

The various cost items per unit mass flow for a pair of 
regenerators can now be considered. If © is the refrigera- 
tion or heating cost per power unit, we have the thermal 
cost per unit mass flow (7) 

£g = 96C,AT = 280C,AT/1N .-+- (19) 
If II is the running and capital cost per unit compressed 
power, we have the compressed power cost per unit mass 
flow (18): ane 
£n = IIn*RT,/M = 211 (//St) T, (1/Te*) G?N 
soes tae 
where 7, is room temperature. Finally, let I be the 
capital charge per unit volume of the regenerator. Then 
this charge per unit mass flow is (15): 
£r = TV=T*N/G = 21 (K/C,) N/G* 
ree, 
The total cost per unit mass flow is therefore 
£=£o - £n a £r cove (22) 


This cost has to be minimised with respect to the only 
two variables, N and G, by making 
d£/0N=Oand 0£/0G = 0 


The result is: Gt = [ (K/C,) / © (C,AT/n) 
N4 = }(OC,ATin)*/[11(/)S#) Te TP) .T (KIC) } 


min = 24/2(OC, AT/x) *[11 (St) T; (1/Te*)] * [TCK/C,)] # 
coos 


++ « (23) 
»+-+ (24) 


£e : En . fr = 4:3: —— 
Thus the volume dependent capital cost should be 4 of the 
combined power cost and the thermal part of the power 
should cost twice as much as the mechanical power. The 
expression shows also how economies on any of the three 
items affects the total cost. Once the best mass flow rate 
has been calculated from (23), the appropriate particle size 
m of the packing can be determined by means of (15), (3) 
and (4a), or the equivalent of (4a) appropriate to any pack- 
ing of different shape. 
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HEAT TRANSFER ACCOMPANYING THE 
CONDENSATION OF MIXED VAPOURS 


A review of existing methods of calculating condensing film coefficients 


for mixed vapours 





by G. G. HASELDEN,* Ph.D., and W. A. PLATT,* M.Sc. 


HILE there are many instances of mixed vapour 

condensation in the chemical industry, most of these 
applications appear to occur in conditions where large 
temperature differences are available and high accuracy of 
design is unnecessary. Recent developments have, how- 
ever, posed the problem of achieving high rates of heat 
transfer with small temperature differences, and in these 
circumstances the designer finds little guidance as to either 
the best form of condenser to use or a reliable method of 
design. This problem becomes most acute in the refrigera- 
tion and low-temperature industry, not only because the 
achievement of low power consumption requires low- 
temperature heads, but also because penalties arising from 
employment of excess heat-transfer surface are high. 

The purpose of this paper is to assess the available 
methods for calculating heat-transfer coefficients for mixed 
vapour condensation, to discuss the required design 
features of an efficient mixed vapour condenser and to 
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report some experimental results for one recommended 
type. 


Effect of Vapour and Liquid Flow Pattern on the 
Condensation Process 


Although the point is not generally stressed, the type of 
condensation process occurring with a mixture is strongly 
influenced by the vapour and condensate flow patterns. 
With some flow patterns large temperature heads are 
encountered which contribute nothing to the process of 
heat transfer. Three possible flow patterns for the total 
condensation of a binary vapour mixture are illustrated 
in Fig. 1. In type (a) vapour is assumed to approach a 
cooled vertical surface along a normal. If total condensa- 
tion occurs the condensate will have the same composition 
as the bulk vapour. However, at the vapour-liquid inter- 
face the vapour composition can be expected (except at 
very high rates of condensation) to have a composition 
closely approaching that in equilibrium with the conden- 





Fig. 1. Three modes of 
condensation of a binary 
mixture. (a) One-stage total 
condensation. (b) Co-current 
condensation with no liquid 
mixing. (c) Co-current 
condensation with liquid 
mixing. 
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sate. Since in general this equilibrium composition will 
differ from the bulk vapour composition there must be a 
layer or film of vapour adjacent to the interface in which 
a gradient of composition exists, the thickness of the film 
being a function of the rate of gaseous diffusion of the 
more volatile component. A temperature gradient (t, — 
ti in Fig. 1a) will also exist across the vapour film; thus 
the total temperature difference necessary to effect heat 
transfer will be the sum of (t, — tz) and At, the tempera- 
ture difference across the condensate film given by Nus- 
selt’s equation. 

In type (b) the vapour flows down through a cooled 
tube and is progressively condensed, the vapour core 
being completely mixed but the condensate unmixed at 
every level. In the accompanying temperature-composition 
diagram the temperature distribution during condensation 
is shown. Condensation will continue until the aggregate 
composition of all the deposited condensate layers is 
equal to the vapour feed composition. In general, the 
final quantity of liquid depositing will be nearly pure low 
boiling component, and heat must be extracted from the 
condenser over a wide temperature range. If account is 
taken of resistance in the vapour phase an additional 
temperature head will be introduced, leading to a lower 
heat-transfer coefficient. 

Condensation according to type (c) represents the ideal 
condensation process, since heat is liberated from the 
system at the highest possible temperature, and therefore 
the temperature difference between it and the coolant is a 
maximum, This type of condensation requires complete 
mixing in both phases and also good contact between the 
phases. 

If condensation occurs in the shell of a tubular con- 
denser similar variations in the mechanism of condensa- 
tion are possible. With a vertical unbaffled unit operating 
with a large temperature difference the mechanism will 
approximate to type (a). The same unit with a baffled 
shell and the vapour flowing generally downwards will 
approach type (b). The equilibrium, type (c), condensation 
could not, in general, be approached unless some method 
of turbulence promotion was incorporated on the tube 
surface, 


Review of Existing Methods of Calculation 

The relation of the flow mechanism to the achievable 
heat-transfer coefficient has been disregarded by most 
authors, KERN’ gives the fullest text-book treatment of the 
problem, but his recommended method of approach dis- 
regards the presence of the vapour film altogether and 
calculates a heat-transfer coefficient based solely on the 
condensate film resistance by substituting liquid mixture 
properties in the Nusselt equation. The method can there- 
fore be expected to give misleadingly high values of the 
coefficient, the error being greatest at low values of 
temperature difference. 

PRESSBURG and Topp*® employed the opposite approach 
and considered the condensation of a vapour mixture to 
take place according to the type (a) mechanism. They 
showed that this method works experimentally for con- 
densation on the outside of a single horizontal tube. How- 
ever, the high value of the heat-transfer coefficient 
obtained in their method by using the bubble point of the 
vapour rather than its actual temperature is illusory; 
the effective heat-transfer coefficient is very low due to the 
thermodynamically irreversible processes occurring in the 
vapour film. This method is advocated by McADams.‘ 

The classical approach was given by COLBURN and 
Drew,® but while their paper is quoted widely it in fact 
only provides a method for predicting the composition of 
the first quantity of condensate depositing in the entry 
region of a condenser. The extension of their approach to 
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deal with a condenser of finite length was due to vAN Es 
and HeEertses,’ who considered the case of condensation 
of a vapour mixture in a short vertical tube. The equations 
they derived are, however, restricted to examples in which 
the amounts of condensation are sufficiently small for the 
change of composition of the vapour and the condensate 
over the length of the tube to be negligible. Within this 
serious limitation they showed that at high vapour velo- 
cities the condensation approached the equilibrium condi- 
tion (type (c), Fig. 1), whereas at low velocities it ap- 
proached the one-stage process (type (a), Fig. 1). They did 
not extend their method to the case of complete or nearly 
complete condensation in which the problem of liquid 
mixing must be allowed for. 

Practical suggestions were given by CoLsBuRN' to deal 
with the case of total condensation of a vapour mixture 
within a tube, the coolant inlet temperature being below 
the boiling point of the most volatile component present. 
He advocated taking the temperature of the vapour /liquid 
interface as equal to the bubble point of the vapour at 
the top (inlet) of the tube and equal to the boiling point 
of the most volatile component (or azeotrope, if formed) 
at the bottom. This method can be expected to provide a 
conservative solution. 

The application of some of these methods to the con- 
densation of a methanol (71%)/n-propanol (29%) mixture 
is illustrated in Fig. 2. In this diagram the effective heat- 
transfer coefficient Q/(t. — tw), where Q is the calculated 
heat flux per unit area and ft, — tw the difference between 
the bulk vapour temperature and the mean wall tempera- 
ture, is plotted against t, — tw. 

For large temperature differences the predictions of the 
various authors converge, but at values below, say, 50°F, 
they are incompatible. The curve derived from KERN’s 
method must be regarded as fictitious in this region, whilst 
the curves of McADAMs and COLBURN are too conservative 
for a well-designed condenser. No satisfactory alternative 
design method exists at the present time. 


Optimum Design for Mixed Vapour Condensation 


Although a quantitative design method for an efficient 
mixed vapour condenser does not exist, it is possible to 
specify the desirable features to be incorporated in such 
a condenser. To minimise the thermal resistance of the 
condensate layer, vapour drag should be used to aid the 
drainage of condensate. Hence it is best to have the vapour 
flowing vertically downwards through the condenser. For 
the same reason, it is beneficial to employ a small vertical 


« = KERN 

P&T = PRESSBURG AND TODD 
OR McADAMS) 

C = COLBURN 

OP. = OVER-FLOW PACKING 
(MEASURED) 


Fig. 2. Prediction of the heat-transfer coefficient for the 
condensation of a 71% methanol/29% n-propanol 
mixture by different methods. 
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Fig. 3. An efficient condensing device—the overflow 
packing. (Courtesy: Marston Excelsior.) 


height of the condensing surface and to encourage turbu- 
lence in the condensate. 

To promote mass transfer in and between the phases 
it is necessary to have the maximum degree of mixing in 
each phase and a large area of contact between them. 
It is also vital that the vapour and condensate should flow 
through the condenser together at a steady rate. Mixing in 
the vapour phase is readily achieved by employing a suffi- 
cient velocity to give turbulent flow, and it can be further 
enhanced by introducing changes of direction or area in 
the flow pattern. Liquid mixing is more difficult to 
achieve. It is aided by rippling and turbulence in the 
condensate film. However, it appears that if reliance is 
placed on the turbulence present in a film of condensate 
draining down the inside of a vertical tube under the 
influence of vapour drag, then a very long tube length is 
generally required to give a close approach to phase 
equilibrium. In many cases it would appear preferable to 
use more deliberate means for inducing mixing in the con- 
densate and for bringing the vapour and condensate 
together. 

One form of heat exchanger which embodies the 
required features employs a secondary surface construc- 
tion with a corrugated and perforated matrix brazed 
between flat metal sheets (Fig. 3). This form of corruga- 
tion, called “over-flow” packing, was developed by one of 
the authors for reflux condensation with vapour flowing 
vertically upwards. For the duty under consideration the 
vapour mixture is brought in at the top and flows down 
co-currently with the condensate. 

The performance of over-flow packing for mixed 
vapour condensation has been tested experimentally for 
mixtures of ethanol/methanol and methanol/n-propanol 
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Fig. 4. Condensation of 71% menthanol—29% 
n-propanol vapour in overflow packing. 


over a small range of conditions, and typical results are illus- 
trated in Fig. 4. The test unit consisted of a single chan- 
nel of packing 4 in. wide by 0.44 in. thick by 3 ft long, 
bounded on both faces by channels containing a normal 
multi-entry fin packing through which the cooling water 
passed. The unit was made of aluminium and thermo- 
couples were located at intervals in the plates separating 
the streams as well as in the streams themselves, so that 
the separate heat-transfer coefficients could be determined. 
The experiments cover amounts of condensation up to 
about 90% of the feed rate, but do not extend to total 
condensation. 

The uniform change of coolant temperature shows that 
condensation was taking place evenly throughout the con- 
denser, while the regular variation of vapour temperature 
indicates that there is a close approach to phase equili- 
brium. The average heat-transfer coefficient under these 
conditions was 220 Btu/sq. ft hr °F for an average tem- 
perature difference between the vapour and wall of 
approximately 4°F. A point representing these average 
values is included in Fig. 2. It is thus demonstrated that 
the achievement of high heat-transfer coefficients during 
equilibrium-type condensation is possible. Further experi- 
ments are now being undertaken to extend the information 
available both with overflow packing and other forms of 
heat-transfer surface. 
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OVERALL ECONOMICS OF PLATE-FIN 
HEAT EXCHANGERS 


How the optimum design of this form of compact exchanger 


may be approached 


by W. H. DENTON, B.Sc., F.iInst.P. 


N an earlier paper’ the many advantages of plate-fin 

heat exchangers for low-temperature gas separation plant 
were discussed and methods developed for calculating the 
dimensions of plate-fin units to satisfy given heat-transfer 
and pressure-drop requirements. 

The purpose of this article is first to analyse, in a general 
manner, the overall economics of the heat exchangers in 
low-temperature gas separation plant; this involves the 
power costs for the refrigeration load and pressure drop 
they introduce into a process and their capital cost. 
Secondly, the purpose is to develop criteria for the 
optimum design of plate-fin heat exchangers for which 
the sum of the above costs is a minimum. In turn, this 
minimum cost is shown to be an appreciable part of the 
total production costs of separating either oxygen from 
air or deuterium from hydrogen, as examples. The same 
analysis can be applied to other types of heat exchangers 
with different performance characteristics and capital costs 

For British conditions, especially for large-scale produc- 
tion, the energy cost is a much higher proportion of the 
total production cost (energy plus capital, etc.) in the case 
of low-temperature processes than it is for normal or 
high-temperature processes. This is because the low- 
temperature processes require the energy as power (and 
not heat) and because of the high power consumption 
associated with thermodynamic irreversibilities in equip- 
ment at low temperatures. For example, the irreversible 
entropy increases associated with the heat transferred 
in a heat exchanger are inversely proportional to the 
square of the absolute temperature, so that for a heat 
exchanger operating between room temperature and (say) 
80°K the energy cost is more than ten times greater’ than 
that for a similar heat exchanger with the same tempera- 
ture difference but conserving heat in a process operating 
above room temperature. Consequently, since energy 
costs can be estimated fairly closely, while capital and 
other costs are frequently uncertain, calculations of the 
overall economics are likely to be more useful for low- 
temperature processes. This applies especially to the heat 
exchangers involved, since they are the main source of 
thermodynamic irreversibilities (the distillation step itself 
being potentially reversible) while, from the point of view 
of capital cost, they are a fairly large part of a gas separa- 
tion plant operating below about 100°K. 

In general, to perform an operation (namely, gas separa- 
tion by distillation) at a low temperature 7, while having 
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to do all the necessary work in the form of gas compres- 
sion at a temperature slightly above that of the surround- 
ings (J.) so that it can be rejected as heat to the 
surroundings, the feed, product and reflux gas streams 
have to be circulated counter-currently through heat 
exchangers between the temperatures 7, and 7). The sole 
function of the heat exchangers is to reduce the resulting 
flow of heat from 7, to 7: to an acceptable value, since 
additional work is required to absorb this heat at 7; and 
reject it at 7., i.e., provide refrigeration to maintain the 
heat balance over the whole system. By reducing the tem- 
perature differences in the heat exchangers the work of 
refrigeration is reduced proportionally, but the work to 
overcome pressure drop and the volume (capital cost) of 
the exchangers are both increased, so that there is an 
optimum heat exchanger design which will provide a 
minimum total cost for the heat-exchange step. Thus the 
overall economics of the heat exchangers can, in principle, 
be considered independently of all other thermodynamic 
irreversibilities in the process and independently of the 
distillation step itself. Only the pressures and the flows of 
the different gas streams are determined by the distillation 
step (i.e., the compression of feed and reflux gas streams) 
and by the means used to provide refrigeration. It is 
assumed here that the refrigeration is provided by the 
most thermodynamically efficient method, by doing ex- 
ternal work in expansion engines at 7; in one or more of 
the gas streams, when the pressures required are low 
enough to allow plate-fin units to be used. 

The three cost factors contributing to the total cost of 
the heat exchange step in a process, the sum of which 
have to be minimised, are: 

(1) power consumption for refrigeration; 

(2) power consumption to overcome pressure drop; 
and 

(3) capital cost of heat exchangers. 


Total Power Consumption of Heat Exchangers 
The total power consumption contributed by (1) and 
(2) is given by the sum of the irreversible entropy increases 
(ASin)ar and (ASirr)ap, respectively, due to the transfer 
of heat across temperature differences and due to the 
pressure drop in the heat exchanger. The corresponding 
work per gm-mole of gas is given by: 
W = (War + Wap) = To. M{ (ASin)ar + (ASi)ap } 


Assuming that the total heats, and therefore the tem- 
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heat, cals; 

room température, °K; 

low temperatures, °K; 

bulk gas temperature, °K; 

metal surface temperature, °K; 
temperature difference, °K; 

equivalent hydraulic diameter, cm; 
primary surface area per unit free 
volume, cm~'; 

= secondary surface aréa per unit free 
volume, cm’; 

average surface heat-transfer coeffi- 
cient at temperature, T, cals. cm-* 
"i oa 

pressure of gas, gm. cm? 
atmospheric pressure; 

average gas stream pressures; 

length of heat exchanger, cm; 
STANTON number, dimensionless; 
friction factor, dimensionless; 
REYNOLDS number, dimensionless; 
PRANDTL number, dimensionless; 
constants for heat exchanger perform- 
ance, dimensionless; 

mass flow rate per unit free cross-sec- 
tional area, gm cm~-* sec.~’; 
mass flow rate; 

molar flow rate; 

acceleration of gravity, cm sec.~*; 
density of gas, gm. cm~*; 
viscosity of gas, gm cm" sec.~'; 
thermal conductivity of gas, 
en oe “EK: 

specific heat of gas at constant pres- 
sure, cals. gm-' °K-*; 
fin efficiency for 
dimensionless; 

= thermal conductivity of metal, cals. 
cm-" sec." °K-"; 

thickness of fins, cm; 

width of fins, cm; 

overall pressure drop, gm cm~*; 
pressure drops in gas streams, gm 
cm~*; 

free cross-sectional area of heat ex- 
changer per unit mass flow rate, cm* 
gm-" sec.; 

free cross-sectional area of heat ex- 
changer per unit molar flow rate, 
cm’ gm-mole-' sec.; 
heat-transfer function, 
units; 


~ 


cals. 


heat transfer, 


cm gm sec. 





Symbols used with this Paper 


F = pressure-drop function, cm gm sec. 
units; 
F. = F at atmospheric pressure; 
v = gas velocity, cm sec.~’; 
N = number of “velocity heads”; 
(ASirr)ar = irreversible entropy increase due to 
heat transfer, cals. gm-* °K-'; 
(ASirr)ap = irreversible entropy increase due to 
pressure drop, cals. gm~’ °K-’; 
W = total work per gm-mole of gas, ergs. 
gm-mole-'; ; 
work of refrigeration per gm-mole of 
gas, ergs. gm-mole~’; 
work of pressure drop per gm-mole 
of gas, ergs. gm-mole~’; 
gas constant per gm-mole, ergs. gm- 
mole °K-'; 
molecular weight; 
isothermal efficiency of compréssor, 
dimensionless; 
= isentropic efficiency of 
dimensionless; 
unbalancing flow fraction, dimension- 
less; 
warm end (7.) bulk gas temperature 
difference, °K; 
= warm end (To) specific heat of gas, 
cals. gm-' °K-"; 
= cost factor for power cost plus com- 
pressor capital cost, £erg~’; 
cost factor for heat exchanger capital 
cost, £, cm-* sec.—"; 
total cost of heat exchange step per 
gm-mole of gas, £, gm-mole-’; 
cost of power for refrigeration for 
heat exchange step per gm-mole of 
gas, £, gm-mole-"; 
cost of power for pressure drop for 
heat exchange step per gm-mole of 
gas, £, gm-mole-"; 
capital charges for heat exchange step 
per gm-mole of gas, £, gm-mole-"; 
mechanical equivalent of heat, ergs. 
cal-’; 
free volume of heat exchanger per 
unit molar flow rate, cm* gm-mole-' 
Sec.; 
= constant, a function of constants a 
and 5b; and 
constants relating costs to heat ex- 
changer design parameters. 


War= 


expander, 








perature differences, are ideally independent of pressure,* 
the entropy increases. in each heat exchanger can be cal- 
culated independently of the remainder of the thermo- 
dynamic cycle of the process and of the pressures used. 


Balanced Heat Exchangers 

First, for a balanced exchanger (two counter-current 
gas streams of equal heat capacities), if AT is the difference 
between the bulk temperatures of the two streams at a 
temperature 7, then, integrating along the exchanger, per 
gm-mole of gas: 


1 1 
War = To. M (ASin)atr = T,.M | Cp (L ) . aT 


, F+ar 

T Ti 

= o(2 — 1) (AT <€ T)t 
‘ where Q = (M.C,. AT). 





* Such deviations from ideality only occur at the lowest temperatures, 
causing the local temperature differences to increase. but the overall effect 
is negligible for the low pressure ratios considered here. 
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Thus Wy, is the minimum work of refrigeration, where 
Q is the net heat flow from T, to 7; and is constant along 
the exchanger, even if the specific heat of the gas, Cp, 
varies with temperature. M = molecular weight of the gas. 
Also, assuming for the present that the average pressures 
of the two gas streams are the same, 
Wap = To. M. (ASirr)ap 
AP 
oa ar. 79 (4 (AP < P)t 
where AP is the total pressure change in the heat ex- 
changer in both gas streams and is negative, and P is the 
average pressure. 
Finally, including the irreversible entropy increases in 
the associated compressor at 7, and expansion engine at 
Ti, the total work per gm-mole of gas is given by: 


T. 
W = (Wsr+ Wap) = OQ. a i : 
1 ice e 


(#2) (2) 0 
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where » and % are the isothermal and isentropic 
efficiencies of the compressor and expansion engine 
respectively. 


Unbalanced Heat Exchangers 

For an unbalanced exchanger in which the ratio of the 
warm to cold gas stream molar flow rates is (1 + 9): 1, 
the total work is given by Equation (21) summed for both 
the closed cycle flow and the unbalancing flow, ¢, plus 
the minimum reversible work, ¢.M .( AH, — To. AS), 
required to take the unbalancing flow from the thermo- 
dynamic state it entered the exchanger to that which it 
left it, i.e., to cool it from 7, to 7;. By integrating along 
the exchanger, this is given, per gm-mole of the cold 
stream, by: 


oy 
a Lie ae (_“*_ de 
W = (War + Wap) =(Q —?.M. Ag) 1 


~=%) [a2 4.9.20) +++(23) 


2) P P 


where AH, and AP, are the total heat and pressure 
changes, respectively, of the unbalancing flow and are 
both negative and Q is now based on the warm-end 
temperature difference, AT., ie, Q@=(M.Cpo. ATo) 
where Cp». is the specific heat at 7,. Thus, the effect of the 
unbalancing flow is to increase the refrigeration load at 
7; by the amount of heat extracted from it and to add its 
own pressure-drop term. 


Summing over all the Heat Exchangers in a Plant 

In gas separation plant the unbalancing flows are usually 
for ¢ of the order of only 1%; e.g., to reduce temperature 
differences for the evaporation of solid impurities. Also, 
all the feed and product streams usually enter and leave at 
room temperature, so that, summed over all the exchangers 
in the plant, the sum of the unbalance flows in one direc- 
tion ( + ve) is exactly cancelled by the sum of those in 
the opposite direction (e — ve). Summing Equation (23) 
over all the exchangers in such a plant and adding the 
necessary work of refrigeration to maintain the heat 
balance over all the unbalance streams since }(? .M. AH?) 
is not zero, but, neglecting very small second-order terms, 
the total power consumption contributed by all the heat 
exchangers in a plant is given by*: 


U(Fu . W) = &Fu . (War + Wap) 


(@- (4) - (7) (FY) 


«+e (24) 


where 0 = (M .Cy.. AT.) and Fy is the cold stream molar 
flow rate. This is the same as that given by summing Equa- 
tion (22) as if all the exchangers were balanced. We thus 
have the result that the total power consumption contri- 
buted by all the heat exchangers is independent of any 
unbalancing of the flows. The same result applies to a 
plant producing a liquid product (¢ + ve), except for 
the additional work of refrigeration to remove all the 
necessary heat from the product at 7:, part of which is 
the minimum reversible work for liquefying the product. 

In a plant with room temperature feed and product 
streams, when determining the optimum warm-end tem- 
perature differences, (AT )op:., to balance the above power 


= IFy. 





t It can be seen in Table I (p. 48) that AT<T and AP<P for the 
practical cases. 


_. * Equations (22), (23) and (24) apply to all ty 
if the gas streams are different gases or mixtures of gases, provided their molar 
= heats are the same, ¢.g., most diatomic gases, such as O,, N, and 


of heat exchangers even 


42 


consumption against capital cost, the effect of unbalancing 
flows is that ( AT>o)op:. is reduced when ¢ is +ve, and vice- 
versa. The log. mean temperature difference in each heat 
exchanger is then made equal to (AT7~.)op:. for the balanced- 
flow case and the same optimum cross-section is used as 
for the balanced-flow case. It can then be shown that 


P 

total power consumption which is the main part of the 
total cost, are practically independent of unbalancing, 
although the corresponding total volume of all the heat 
exchangers is increased due to unbalancing. Therefore, the 
following treatment of the overall economics is confined 
to the balanced-flow case, and when applying the results 
to optimise the design of an unbalanced exchanger the 
same optimum cross-section as for balanced flows is used 
and the optimum log. mean temperature difference is made 
equal to (AT7.)op:. for balanced flows. 


A 
X(Fmu . Q) and (Fu , —# in Equation (24), and hence the 


Total Cost (Power plus Capital) of the Heat- 
Exchange Step and Optimisation of the Design 
Parameters 
The minimised total cost incurred by the heat exchangers 

in a gas separation plant can be calculated for the case 
of plate-fin units, using Equations (11) and (12) given in the 
earlier paper' for the dimensions (capital cost) of the units 
and Equation (24) for the total power consumption they 
contribute to the process. It is first necessary to calculate 
the optimum design parameters for which the total cost 
is a minimum. 

A two-stream balanced-flow counter-current unit is con- 
sidered, operating between temperatures 7, and 71, where 
the average pressures of the two gas streams are P2 and Pi, 
respectively, and P:>P;. The different pressures only 
effect the pressure drops which are inversely proportional 
to pressure. If the two gas stream channels are considered 
separately, the optimum length is greater and the optimum 
cross-section is less for the higher pressure stream, but, in 
practice, their lengths have to be the same. Even if the 
cross-section of the higher pressure stream is reduced (by 
reducing alternate plate spacings), a negligibly small reduc- 
tion in the total cost results, since the reduction in heat ex- 
changer volume is offset by an increase in the temperature 
difference in the high-pressure stream (see Equation 
(3), Ref. 1) and therefore in the power for refrigeration. A 
symmetrical design of heat exchanger is therefore assumed, 
so that the cross-section and temperature difference are 


Fig. 1. Optimisation of temperature difference (AT) 
and pressure drop (AP) for minimum total heat 
exchanger costs (£). (a = 0.24, b = 0.31.) 
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the same for both gas streams. The total pressure drop 
term, (=), in Equation (24) has to be modified and is 
ye by: 


AP. AP. AP. 
AP) = (G+) = (FF). (1+ 55) 
chee 
The temperature difference term, (A #), in Redes (il) 
and (12) has also to be modified to take account of varia- 
tions of the specific heat of the gas with temperature (e.g., 


for hydrogen) when, for the present case of balanced 
flows, (At) for both gas streams is given by: 


(Apr = } (= *). (AT>) . 2. (26) 


The two independent design ecnautiti to be optimised 
for minimum total cost are: 

(1) the warm-end temperature difference, A7.; and 

(2) the pressure drops in the two gas streams. 

The total cost contributed by each such heat exchanger 
to a low-temperature process is then given by: 

Tota! cost per gm-mole of gas, £ = (£,7 + £,p + £0), 
the sum of the costs of work of refrigeration (£, 1), of work 
to overcome pressure drop (£, Pr), and of capital charge 
(£c) for the heat exchanger itself. 

From Equations (24), (25), (26), (11)' and (12)', 

£ar = C,. War = «. (AT)), | 
£ap = ¢,. Wap = 8. (Sm)—@*2-4 . (AT,)—" } .... (27) 
and £- = cg. V = y . (Sm)°-® . (AT,)—! j 
where Sw is the free cross-sectional area per unit molar 
flow rate, so that: 
Su.=M.S. 
c: is a constant accounting for the cost of power plus 
an appropriate capital charge for the gas compressor and 
c: is a constant accounting for the overall capital cost of 
the heat exchanger per unit free volume of the block. V 
is the free volume required for both gas streams per unit 
molar flow rate, so that 
=2.L.Sm 
where L is the length of the exchanger block. 

The constants z, 8 and y are given by Equations (24), 
(25), (26), (11) and (12). The pressure-drop function F 
(which is inversely proportional to pressure) is replaced 


by (22) . F, in Equation (11) for (AP,), where F, is the 
1 





To 


2 
Fig. 2. Evaluation #\($ ). dT and T,T, (= fe) . aT 





T1 
for hydrogen and air (cgs units). 
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value of F at atmospheric pressure, Po. 
Thus : 


To 
c= G.m.M. Coo. (z= — — 1) 


R . To . (deyo-») (2:) 
P,;? 





D 
Il 
9 


* (M)y@ta—6) EL 





2 ne» Coo 
(0+ 8) [(@52) a 
d 
T 
Te ; 
aa (det +a) | (¢) 
and y = c,.(M)-. = 7 . aT 
TN 
. - (28) 


where m is the mechanical equivalent of heat. Fig. 1 is a 
plot of the sum of Equations (27) with (Sm) expressed in 
terms of (AP) and (AT7,) from Equations (11). and (25). 
It shows that there are optimum values for both (A Pi) 
and (AT) which give a minimum total cost (£)min. This 
cost is much more sensitive to variations of ( AT.) than of 
(A P;) and it increases rapidly if (AZ) is reduced 
below its optimum value. By partially differentiating 
(£) by (AT.) and (Sm), respectively, these optimum values 
are given by 
l—a 2+a-—b 

(AT o)op:. = = pt y Geo) . Cra, b) eee (29) 
(8 (2+a— 2+a—b) \a-H B) 
~ ly*\ ta JJ 


(AP ap) P? 
mG) oo OR). (8 


2+a—b b 
c= l—a | Ne 
= “2G—6) 
. (=) ez) caw 


soutien 


and  (Smop, = .... 0) 


where the constant, Cia, 5) = 
{ (3—b)3—*) I 
\(i—a)@-9 , (2+-a—b)ete-6) 


The corresponding length of the exchanger, from Equa- 
tion (12), is: 





Pet = 4+a—b 


(Lopr. es 23-6) b) 


af 
{_i—a_ \aa (2+a—5) (1 
(; ime _ (+e=1) (2) Cam «0s Ge 





Fig. 3. Optimised total heat exchanger costs relative 
to total power cost for plate-fin units for air (290°- 
80°K) or hydrogen (290°-22°K). 








Finally, the minimum total cost per gm-mole of gas is: 
(£) Min. = 


23—6 
2. (£ar)Mn. = fom 


2(3—b) be 
(£aP)Min. Q+a— -+a—by “Mm 


(l—a) 


3 KG (QQ+a—6) 
=2.at, 3-b/ y W-)) Cie» once 


We thus have the interesting result, whatever the tem- 
perature range, the pressure or the physical properties of 
the gas, that when the total cost is a minimum, then the 
refrigeration power cost, the pressure drop power cost 
and the capital cost, respectively—whatever their actual 
values—are always in the proportions: 

(3 — db): (1—a@: (2+a-— 5) 
or, for typical values of a and b, approximately : 
ae32 

Also, whatever the flow régime (a and 5b values), half 
the minimum total cost is power for refrigeration. 


The Viscous Flow Region 

It should be noted that as viscous flow conditions are 
approached (a and b tend to unity), although (Sm)opr. 
would appear to tend to infinity and (L)op. and the 
pressure drop tend to zero, there are practical restrictions 
which prevent this and make it necessary to modify the 
above analysis. These restrictions are due principally to 
longitudinal heat conduction along the heat exchanger 
block itself and gas distribution problems, They do not 
arise for the flow régimes (a = 0.24 and b = 0.31) con- 
sidered here. (See Table I.) 


Dependence of (£)min. on Cost of Electric Power, 
Capital Cost, Plate-fin Geometry and Flow Régime 


For practical a and 6b values, about two-thirds of the 
minimum total cost is for power and only about one-third 
is for capital charges. Thus, as is shown directly by 
Equation (33), (£)min varies as the cost of electric power 
raised to the power 2/3 and varies as the capital cost raised 
to the power 1/3. These proportions should not be very 
different when the additional pressure drops in a plant 
and the additional capital costs for thermal insulation, etc., 
are taken into account. 

The dependence of (£)win on the plate and fin geometry 
is mainly that of a reduction in block volume as the plate 
and fin spacings are reduced, which is more rapid as the 
viscous flow region is approached (as a and b tend to 
unity), as discussed in Ref. 1. The effect on the overall 
economics can be expressed, from Equations (28) and (33), 
as: 


0.14 
(£) min, & (=) xX (cgy@*? x Ge) ....(34) 
for typical REYNOLDs numbers (a = 0.24, b = 0.31). Since 
d,. is inversely proportional to the surface area per unit 
free volume, there would appear to be an appreciable 
overall saving to be gained if the plate and fin spacings 
could be reduced. This would be offset first by an increase 
in the volume of metal and hence in the capital cost con- 
stant, c, which has to take account of the fact that the 
capital cost is based on total volume. The additional metal 
volume is about 20%, of the free volume for the present 
plate and fin spacings. Secondly, for very close fin spacings, 
as the spacings are reduced the ratio of the pressure drop 
to heat transferred increases fairly rapidly’ due to increased 


lis F,\ . 
inertia losses, so that the factor 5 increases propor- 


tionally. There is thus a fairly sharp limit to the savings to 
be obtained by reducing the plate and fin spacings. 
As the viscous flow region is approached these inertia 


a 


losses are less and also the above exponents for (4) ,» (c2) 


and (d.) tend towards 0, + and 1 respectively (with practi- 
cal restrictions), representing a much more rapid reduc- 
tion in (£)win. as the spacings are reduced. However, it 
appears from this analysis that the REYNOLDs numbers for 
the optimum design in low-temperature plant are far too 
high for these advantages to be exploited, as shown in 
Table I. Also, there are obviously difficult problems and 
extra expense in manufacturing closer plate and fin 


spacings. 


Dependence of £mi,. and Optimum Design Para- 
meters on Physical Properties of Gas, Tempera- 
ture Range and Pressures 
Equations (28) and Equations (7a) and (8a) in Ref. 1 

show that the only physical properties of the gas which are 

influential are its density and its molar specific heat at 
normal temperature (M.Cp.). The very small effects of 
variations of specific heat with temperature and the very 
small contribution of viscosity—as (u)°*'—can both be 
neglected, while the density can be assumed approximately 
proportional to the molecular weight, M. The approximate 
dependences on the temperature range and pressures can 
also be expressed simply, but not so accurately, since in 

Equations (28), when 7:< 100°K, the integral for £ is 

approximately proportional to (7,2 — 7;°) and that for y is 

approximately proportional to (7, — 71) (see Fig. 2). Thus, 
the approximate overall dependences on physical proper- 
ties, temperature range and pressures are all given, from 

Equations (28) to (33), for 7: < 100°K, by: 


(£)asin., (V )opt, and (¥ ). 2 opt, Ths 


. 1 Pst) |Mo=s) 
ow. cues. [Ay (1+ 28 G—6) | 


JM Gya- 08. | By a pat) |= 
ie 


-- (35) 


These relationships show that (£)win. is very sensitive to 
T,—T. 

the lower absolute temperature, 7,— ( et 
for all flow régimes—that it is significantly dependent on 

the pressures for typical REYNOLDs numbers, especially on 


1 P, za) 
(Py * (1 + 
for a = 0.24, b = 0.31—but that it depends ARES 2 little 
on the physical properties of gases with the same molar 
specific heats (e.g., diatomic gases such as He, N2 and O,), 
when (£)min. Only varies as (M)** for a = 0.24, b = 0.31, 
due to the effect of density on the pressure drop. The 
dependence of (£)win. on the molar specific heat is as 
(M .Cy0)°* for all flow régimes, since this only affects the 
refrigeration load. 

The optimum temperature difference and the optimum 
pressure drop are similarly sensitive to 7; and have exactly 
the same dependences on pressure and physical properties, 
apart from the molar specific heat term. 

The optimum cross-section is independent of 7; and is 
much more sensitive to the pressures. This confirms the 
earlier result' that no significant reduction in volume of 
the exchanger can be obtained by varying its cross-section 
optimally with temperature. 


(1+2a—b) 


5 (M) y 2(3—5) 


(AT 5)opr. o 
(1 +2a—b) 
(T)** _M 2(3 —6) 


(5) 
and (Snr)op:.. « (M)~? [aa 


varying as 


the lower pressure, P,;— varying as 
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Wuen your tanks are lined with Ensecote, you can stop 
worrying about the condition of the contents. Ensecote pro- 
tective linings will protect almost anything you can put 
inside a tank, any size tank. They are without taste or odour, 
they are easy to clean, and sterilize—and they are economical 


to apply. Ensecote protective linings add years to a tank’s life. 


ENSECOTE lLithcote PLASTIC LININGS 


For literature and technical advice write to: NEWTON CHAMBERS & CO. LTD., THORNCLIFFE, SHEFFIELD, ENGLAND 
Agents in Belgium, France and Holland: FOURS LECOC@ ET ATELIERS DE TRAZEGNIES REUNIS, S.A., TRAZEGNIES, BELGIUM 
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Reduction of (£)min. by Providing Refrigeration at 

Intermediate Temperature Levels 

Since (AT>o)op:. is proportional to (7:)** a significant 
reduction in (£)win. can be expected by reducing the tem- 
perature differences at the lower temperatures, especially 
for low values of 7:. This is done by providing part of 
the refrigeration at at least one intermediate tempera- 
ture level, thereby reducing the temperature difference 
below this temperature level. For example, by expanding 
the warm gas stream in two expansion engines at 7; and 
T2, respectively, where 7: is now the lowest temperature 
and 7, > 7: > 73. 

The foregoing treatment of the overall economics from 
Equations (27) to (33) is then applied to the separate tem- 
perature ranges and their separate contributions to the 
total cost added together. ( AT.) and (Cpo) are replaced by 
the appropriate values for the warm end of each range. 
The appropriate temperature limits are used for the inte- 
grals for 8 and y in Equations (28) and, except for the 
highest temperature range, « is replaced by: 


am 22s M- Gey (Fe) (7 _ 1) 
Ne + Ne T; T, 


for the range 7; to 7:, for example. 

For the general case of N expansion engines between 
T. and Ty, it can be shown, making the above approxima- 
tions for temperature dependences, that the total cost is 
a minimum when both the absolute temperatures at which 
the engines are located and the temperature differences 
are in the same geometric progression. Thus, if (Tp)opt. is 
the optimum temperature of the n™ engine and (AT7»)opr. 
is the optimum temperature difference below (7n)opt.. 


(Twopr. Gg (AT nope. = (2) 
To ~~ (AToadop. \To 
For example, for cooling hydrogen to 22°K, with one 
intermediate refrigeration level at 71, 

T, = 290°, Ty = 22° and N = 2, 

(AT) )opr. 

oJopt. 

Substituting these conditions into the foregoing analysis, 

the total cost.for the temperature range 290°-22°K is 

reduced below that for a single refrigeration level by a 
worth-while factor of 0.8, as shown in Table I. 





-++- (6) 





giving (Tiop:. ~ 80°K and =~ 0.28 


Calculated Examples of (£)»i,. and the Optimum 

Design Parameters 

Table I gives examples of figures for (£)min. calculated 
from the foregoing formule, for cooling both air and 
hydrogen to 80°K and for cooling hydrogen to 22°K (with 
one and with two refrigeration levels), together with the 
corresponding optimum temperature differences, pressure 
drops and exchanger dimensions. These figures are for 
average pressures of P; = latm. and P, = Satm., which 
are fairly near to those required for the distillation of air or 
hydrogen. 

These calculations are in c.g.s. units and £ sterling and 
are based on the following economic conditions. 


(1) Electrical power at 1.0d. per kWh. 

(2) Total capital charges at 15% per annum and 8000 
hours’ operation per annum. 

(3) Gas compressor capital costs of £20 per horsepower, 
equivalent to an increase in the cost of electrical 
power of 0.12d. per kWh based on (2) above. 

(4) Heat exchanger capital costs, including headers and 
directly associated manifolding of £100* per cu. ft 





* This is an assumed round 
commercial practice it can, 
i standardisa‘ 


for the opens of these calculations. 
In course, vary with plant size, complexity of 
» ete. 


design, degree The final total t is not 
sensitive to changes in this figure. tia. Ke 


very 
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of block volume (= 1.17 X free volume in this 
example). 

(5) "ec = ne = 0.75 for large-scale plants. 

Thus: c; = 1.30 X 10-" £.erg.-' 
and c: = 0.216 X 10-” £.cm~ sec.~. 

A multi-entry-type plate-fin design is assumed with ten 
0.006-in.-thick fins per inch, } in. plate spacing and 0.030- 
in.-thick plates, when: 

d. = 0.38 cm. 

The J and F, values used are those plotted in Fig. 6, 
of Ref. 1, for similar multi-entry fins for the REYNOLDS 
number range 700-10,000, the optimum REYNOLDs num- 
bers in Table I lying well within this range. The integrals 
for Equations (28) are evaluated graphically in Fig. 2. 

These optimum REYNOLDs numbers show that the ad- 
vantage of the rapid reduction in (£)win. as the plate and 
fin spacings are reduced, which sets in for viscous flow, 
cannot be exploited in low-temperature plant because of 
the higher REYNOLDS numbers associated with the higher 
densities and lower viscosities, even for these relatively 
close fin spacings. 


Comparison Between Calculated and Practical 

Figures for Air Separation Plant 

The calculated optimum temperature differences and 
pressure drops in Table I may well be modified in practice 
due to other economic considerations in a plant, bearing 
in mind the sensitivity of the total cost to these para- 
meters as shown in Fig. 1. However, the calculated value 
for (ATo)op:. = 5.6°K for cooling air to 80°K (which 
represents the main contribution to the total cost) is 
remarkably close to the values used in large air separation 
plant using plate-fin exchangers; it is about 50% larger 
than the values used in air separation plant using regenera- 
tors, due mainly to the lower capital cost of regenerators. 
The corresponding calculated value for (922) = 0.09 
oj 


1, 
is somewhat lower than (about one-third of) the overall 


pressure drop used in air separation plant, which is to be 
expected because it is the block pressure drop only which 
is only a part of the overall pressure drop in a plant. 

Although there is this good agreement between the cal- 
culated optimum design parameters and those arrived at by 
practical experience, it should be stressed that the figures 
in Table I for (£)xin. are bound to be appreciably lower 
than the overall practical figures. They do not include 
either the additional (unavoidable) pressure-drop costs oc- 
curring in headers, manifolding, pipes and valves, or the 
additional capital costs of the associated pipes, valves, 
thermal insulation and structural work. Since these extra 
costs are not very dependent on the block dimensions, they 
should not alter the foregoing analysis, or significantly alter 
the resulting values for the optimum design parameters, 
but these extra costs have to be added to the calculated 
figures for (£)min. Thus, the values for (£)min. in Table I 
may well be increased by at least one-third, e.g., by in- 
creasing the pressure drop by a factor of 2 and the capital 
cost by a factor of 1.5, when (£)min. is increased by 32% 
and the division between power and capital costs would 
remain almost.the same. 

A direct comparison can be made between the cal- 
culated power cost of the heat exchange step, (£,7r-+ £4?) 
for cooling air to 80°K and that in a LINDE-FRANKL ton- 
nage oxygen plant, for which the optimum breakdown 
of the total power consumption of the process is well 
established, although it applies to regenerators. The total 
power consumption of the heat exchangers (based on the 
overall pressure drop) in a LINDE-FRANKL plant is given*® 
as 9%, of the total power consumption for a compressor 
efficiency of 58%, or, if the associated irreversibilities in 
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ITROGEN CYCLE 





We build nitrogen generators— 
and a wide range of other gas 
generators, too. The fact had 
better be stated quickly before the 
purists point out that the nitrogen. 
cycle also concerns organic 
matter: no, we do not make nitrogen 
from decomposing animal tissue. 
Specially designed generators 
separate nitrogen from air by the 
combustion of fuel, which 
converts the oxygen content into 
carbon dioxide and water. 

We deal with these waste 
constituents, too, but one of our 
engineers will explain all that. 
Protective atmospheres for 
furnaces, including annealing of 
transformer laminations; purging 
of electric lamps and handling of 
semi-conductors; prevention of 
oxidation in chemical processes 
and in packing sensitive 
foodstuffs; handling of 
inflammable liquids in petroleum 
refining; all these processes 
employ nitrogen protection. 
Estimates of capital and running 
costs for Birlec nitrogen gener- 
ators are available on request. 


* . . if there were other gas cycles 


we'd ride those also, as we build 
generators for hydrogen, carbon 
dioxide, inert gases, and furnace 
atmospheres, in addition to nitrogen. 
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Minimum Total Costs and 
in the Temperature Ranges 


TABLE I—T, 
in Plate-fin U 


Design Parameters for Counter-current Heat Transfer 
-80°-22°K for Average Gas Stream Pressures of 1 and 5 atm., 
Air and Hydrogen 





Hydrogen 





Temperature range 290°-80° 








Refrigeration at 80° 


22° a 





(£)min., £. gm-mole™ 2.5 x 10-* 


1.0x10-* 
2.4 x 10-*) 


3.0x 10-* 1.4x 10-* 


(Total = 





(ATo)* opt., °K 5.6° 


1.8° 35° 0.9° 





0.09 


~(F) 
1, 2 opt. 


dimensionless 


yt 


0.05 0.04 
(Total = 0.09) 


0.10 





(Sa )opt., cm* gm-mole— sec. 


14.0 7.6 





(Lopt., ™. 


15 35 15 


20 
(Total = 35) 





(R.) x 107° 











0.6-1.7 0.6-5 0.6-1.7 3-9 




















* For hal. A h g 


S, (47 oom. corresponds to the optimum log. mean temperature difference. 


+ (4P)) is the contribution by the heat exchanger blocks. alone to the overall pressure drop in the low-pressure stream, e.g., the 


bove 





excess pressure of the distillation col a 


the compressor are included (as in this analysis), as 15.5% 
of the total power consumption. Therefore, neglecting the 
very small proportion (4%) of the feed air in the very high 
pressure stream in the L.F. process, since the average 
pressures of the gas streams in the regenerators are P; = 
5.5 atm.’ and P; ~ 1 atm., 

(Ear + Eqp)opr. = Cy X 0.155 X R. To In (5.5) 


0.58 
= 1.4 x 10~-* £.gm-mole.~! 


based on the same cost constant, ci, used previously. 

The corresponding calculated figure for plate-fin units, 
from Equation (33), after re-optimising for ». = 0.58, and 
increasing the pressure drop by a factor of 2 to take ac- 
count of the overall pressure drop (this increases the figure 
by 22%), 

= 2.3 x 10-* £.gm-mole.~" 
This is higher than the practical figure for regenerators by 
about the factor to be expected when the plate-fin units 
are optimised for their much higher capital cost. 


The Minimum Total Cost of the Heat-exchanger 
step expressed as a Percentage of the Total 
Power Cost for Low-temperature Gas Separation 
Since the function of the heat exchangers in a process is 

to reduce the total power consumption, it is reasonable to 

express the total cost of the heat exchanger step (£) as a per- 
centage of the total power cost. 

In practically all these processes the product and reflux 
gas streams leave the plants at atmospheric pressure, so 
that the total power cost is that to compress the feed and 
reflux streams from atmospheric pressure, P,, to higher 
input pressures, P2, so that for each gas stream: 


R.T, 
Total power cost = c, —— 


Ne 
where P, is determined mainly by the distillation step. 
Since the pressure drop occurs mainly in the distillation 
section of the plant (across reflux expansion valves and 
across engines) the average pressures of the two gas streams 
in each exchanger are approx. atmospheric pressure and the 
higher pressure P:, respectively. The corresponding mini- 


In (P2/P.) per gm-mole. 
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ic pressure. 


mum total cost of the heat-exchanger step, (£)win., is then 
given by Equation (33) in terms of P2. The ratio of (£)sin. 
to the total power cost for each gas stream then depends 
only on the input pressure, P2, for a given gas and tempera- 
ture range. This ratio is plotted against P: in Fig. 3 together 
with the total power cost and the power cost for the heat 
exchanger, after increasing the calculated values of (£)sin. 
by the proposed 32% to be closer to the overall practical 
figure. These curves apply to both air separation and hydro- 
gen distillation (with two refrigeration levels) since (£)yin. 
happens to be nearly the same for both these cases. (See 
Table I.) 

The power cost of the distillation step is not completely 
independent of the power cost of the heat exchange step, 
since there is some interdependence between them, depend- 
ing on the thermodynamic cycle of the process, but the 
total power cost and the pressures are still determined 
mainly by the distillation step except for very low-pressure 
cycles. As the pressure is reduced, it can be seen in Fig. 3 
(for plate-fin units) for the limiting case of the input 
pressure P; = 1.65 atm. that all the power consumption is 
required to overcome the irreversibilities in the heat ex- 
changer and none is available for the distillation step. The 
fraction of the total power cost incurred by the heat 
exchangers then falls rapidly for higher values of Pe. 

For air separation with a single feed gas stream at an 
input pressure of (say) 6.5 atm. for plate-fin units, the 
minimum total cost of the heat-exchange step is seen in 
Fig. 3 to be 42% of the total power cost which, in turn, is 
at least half of the total production cost (power plus capital, 
etc.). 

For hydrogen distillation this percentage is even greater, 
since, because of the higher reflux ratio, an additional 
reflux gas stream of at least twice the feed stream is 
required and this is only compressed to an input pressure 
of considerably less than 6.5 atm. 


REFERENCES 
* Denton, W. H.. and Ward, E. 
temperature Gas Separation em 
Chemical nesy this issue, p. 18. 
* Kays. W. and London, A. L. 
National Press, California, U.S.A., 195 
* Haselden, G. G. “‘An Approach’ to Risisites Power Consumption in 
Low-temperature Gas Separation’’, Trans. Inst. Chem. Engrs., 1958, 36, 
oO. 3, 
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Compressed Air 
at work in 
Vauxhall’s Luton 
extension 


SEVEN ATLAS COPCO AR9 COMPRESSORS are in use at Vauxhall 
Motors’ Luton factory—recently enlarged and modernised as part 
of a £36,000,000 expansion plan. These compressors supply air 
to the body fabrication shops, press shops and other departments, 
providing power for clutch movements; resetting presses ; mechan- 
ical handling; loading; welding; and mixing and spraying paint. 
In addition air is supplied for a number of pneumatic tools such 
as wrenches, grinders, drills and hoists. 


ECONOMIC INSTALLATION 

The AR9 compressors were installed at a cost below that estimated 
for other compressors of the same capacity. The reason being that 
the AR9 occupies 25 % less floor space than is normally required 
—with consequent economies in compressor house costs. 


HIGH OUTPUT 

The Atlas Copco AR9 combines thorough reliability of perform- 
ance with unusually high output per horsepower consumed. The 
installation at Vauxhall’s has a total output of 22,540 c.f.m. 


A COMPLETE RANGE OF COMPRESSED AIR EQUIPMENT 
Atlas Copco manufactures portable and stationary compressors, rock-drilling equipment, 
loaders, pneumatic tools and paint-spraying equipment. Sold and serviced by companies or 
agents in ninety countries throughout the world. 


Stlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


Contact your local company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 
or Atlas Copco (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts. 


January, 1960 
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Activities in the U.S. Fertiliser Industry 


OST industries have now quite recovered from the 

U.S. recession of 1957/58, which, in many cases, not 
only promoted substantial economies in direct and indirect 
costs (especially the latter) but also appears to have 
accelerated the development of new products and tech- 
niques, The fertiliser industry is particularly active, after 
the trepidations of the last year or so, both as regard output 
volume and new technology. A typical example is the rapid 
establishment of liquid mixed fertilisers. The number of 
plants in this category is reported to have doubled during 
the last two years, and well over 300 are now said to be in 
operation. Although this branch of the industry is believed 
to have originated on the West Coast, the majority of plants 
are at present to be found in the North Central States. 
Current annual output is believed to be in the 500,000 to 
600,000 tons range, which amounts to some 4 to 5% of 
the total output and is expected to rise rapidly. 

Liquid mixed fertilisers offer several advantages to the 
producer, namely, simplicity of manufacture, flexibility 
and a relatively low plant cost, particularly if distribution 
and application are undertaken by others. Several advan- 
tages are also offered to the farmer, such as low labour costs, 
bulk delivery and ease of application. However, to compete 
effectively with high-analysis, solid fertilisers, concentra- 
tion, solubility and stability must be sufficiently high to 
justify the use of a mixed solution. Also, the prevention 
of corrosion in the manufacturing and distribution equip- 
ment must be given careful study. 

In the majority of cases, liquid mixed fertilisers are 
based upon reacting furnace-grade phosphoric acid with 
ammonia under controlled conditions. In another type 
of operation, neutral solutions of ammonium salts of 
phosphoric and other acids are cold-mixed in the required 
proportions: In order to boost the nitrogen content, urea 
and ammonium nitrate are frequently added. Potassium 
is usually incorporated in the form of potash, but in certain 
formulations, such as for tobacco application, potassium 
hydroxide or carbonate is used. These latter salts also 
improve overall solubility of the mixed solution. 

The problem of concentration is intimately associated 
with solubility and several stratagems are used, or have 
been proposed, to achieve maximum results. For instance, 
a mole ratio of 1.5 to 1.6 for NH; to H;PO, may prove 
helpful in some formulations, in general accordance with 
the pure NH;-H;PO,-H2O system. Another method is to 
add salts in sufficient quantities to form thin slurries or 
suspensions and stabilise these by chemical and/or me-hani- 
cal means. The Tennessee Valley Authority investigators 
report promising results are obtained by using special clays. 


Superphosphoric Acid 

One important development which may materially affect 
not only the fertiliser industry, but detergent manufacture 
and other chemical processes, is the growing availability of 
superphosphoric acid containing 76% P:O;, compared to a 
customary maximum figure of about 54% for wet-process 
acid and somewhat higher figures for furnace acid. Use of 
a 76% PO; acid gives a large increase in solubility of liquid 
fertiliser components and so increases both stability and 
grade, Also recently available is an ammoniated acid con- 
taining 11% nitrogen and 33% P.O; by weight for use in 
cold-mix plants. 

Of even greater interest is the effect of superphosphoric 
acid, or the ammoniated product, on wet-process acid. The 
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latter is notorious for slowly depositing solids and scale 
during storage and, in addition, neutralisation yields a 
gelatinous sludge of iron and aluminium salts which are 
present as impurities in the acid in amounts up to 15%. 
However, the presence of superphosphoric acid or the 
ammoniated product has a sequestering effect on the im- 
purities in the wet-process acid. This is believed to be due 
to the action of pyro and polyphosphoric acids in the super- 
phosphoric acid which suppress precipitation and allow 
stable solutions to be produced. Typical amounts of super- 
phosphoric acid required have been found to be between 
20 and 40% of the total P.O; in the formulation. It is 
fortuitous that superphosphoric acid is not only one of the 
least costly sequestrants found to be effective, but at the 
same time is a large contributor of water-soluble P.O; in 
the fertiliser solution. Of course, the next step is to try to 
make a sequestered superphosphoric acid entirely from wet- 
process acid, and this is presently posing a severe challenge 
to evaporator makers because of the severe problems of 
corrosion and heat transfer involved. Already, some U.S. 
coke oven operators are ammoniating phosphoric acid 
instead of producing ammonium sulphate because of the 
more attractive market, and it is understood this practice 
may prove popular in Europe, particularly if wet-process 
acid can be used. 

Ammonia is the chief source of nitrogen for both liquid 
and solid fertilisers, and the development of reliable, partial 
oxidation processes during recent years for making synthesis 
gas has enabled both ammonia and urea plants to be built 
in, or close to, the fertiliser market areas. This is because 
the raw material, e.g., natural gas, crude oil or refinery 
residuals can be transported to the site easily and economic- 
ally, whereas, formerly, many synthesis plants were compelled 
to locate near a source of solid fuel. The increasing avail- 
ability of ammonia as a source of nitrogex is reflected in 
the sharp rise in the U.S. average N : P2O;: KO ratios, which 
have changed from 1:2:1.1 in 1950 to 2:2:1.7 in 1958/59. 
This direction of change is expected to continue, and it 
now seems apparent that the earlier fears of a huge over- 
capacity in fixed nitrogen facilities, commenced under 
earlier government defence plans, were unjustified. Current 
U.S. nitrogen consumption is now well over an annual figure 
of 2 million tons. 

Present consumption of P.O; is well over 2 million tons 
a year in the U.S. and most large producers are planning 
extensive expansion programmes in anticipation of heavy 
demands from new markets at home and overseas. Phos- 
phoric acid plants with individual capacities of 200,000 tons 
P.O; per annum by wet processes are being contemplated, 
and the production of concentrated granular compounds is 
expected to increase sharply to keep pace with the growing 
use of liquid mixes. In some large wet-process acid plants, 
the prevention of atmospheric and stream pollution by 
fluorine is an increasing problem. Some producers are for- 
tunate in having a ready market for their by-product 
fluosilicic acid as a source of cryolite for aluminium 
reduction. 

U.S. consumption of potash in fertilisers is now about 
1.8 million tons of KO annually and some producers 
believe this figure will not greatly increase during the next 
few years, because of the anticipated disproportionate 
increase in nitrogen consumption. However, if a reasonably 
balanced N:P: K ratio is to be maintained, the U.S. potash 
figure should also rise appreciably. 
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INDUSTRY 


PHILIPS Universal Cooling Machine 


The Philips Universal Cooling Machine 
provides low temperature refrigeration 
wherever you need it in industry. The lowest 
level that can be reached is of the order 
of —200°C, as against the normal economic 
limit of 100°C for any other conventional 
unit, and the amount of cold generated 
can be <4 varied to suit any particular 
purpose. This efficient and robust machine 
has unlimited industrial applications of 
which just a few are the purification of 
gases by freezing-out and condensation of 


contaminants; cold hardening at low 
temperatures ; cold shrinking; and the 
cooling and condensation of industrially 
important gases. 


OUR ADVISORY SERVICE is always willing to 
discuss industrial cooling in relation to your 
own processes. Expert advice is available 
free of obligation. Write or telephone with 
your problems or ask for one of our engi- 
neers to call on you at your own works. 





COMPACT The machine occupies an overall 
space of 7 cu. ft. and weighs only 5 cwt. 
VERSATILE The machine may be easily 
adapted to suit most applications and special 
modifications can be designed if required. 
RELIABLE Superb workmanship coupled 
with long-term pre-testing has resulted in 
trouble-free design. 

ECONOMICAL Low capital cost and 

proved high operating efficiency. 


“wer: RESEARCH & CONTROL INSTRUMENTS LTD 


January, 1960 


Instrument House - 207 King’s Cross Road - London W.C.1 
‘The Philips Universal Cooling Machine is made by N.V. Philips, Eindhoven, Holland for Philips Electrical Ltd. Philips is the trad 


Telephone : TERminus 2877 





rk of Philips Electrical Ltd. 
(RCI0433) 
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PHYSICAL PROPERTIES OF HYDROGEN AT ATMOSPHERIC PRESSURE 
by A. M. P. TANS 


The accompanying nomogram has been constructed from literature values. ! The use of 
the nomogram is as follows: Any line passing through the centre intersects the scales at cor- 
responding points. The use of circular scales has the advantage that the nomogram is always 
read off perpendicular to the scales, and, secondly, that a longer scale can be used in a 
given space. 

* Central Laboratory, Staatsmijnen in Limburg, Geleen, Netherlands. 


REFERENCE 
1, Hilsenrath, J. E A. “Tables of Thermal Properties of Gases”, National Bureau of Standards, Circular 564, 1955. 
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$2,000,000,000 


in CHEMICO 


of confidence 


Inthe years since its founding in 1914 Chemico 
has completed more than 1200 projects for the 
Chemical and Petrochemical Industries all over 
the World. It is estimated that the total value of 
these contracts represent an aggregate erected 
value of considerably more than $2,000,000,000. 
This is an indication of the confidence customers 
place in the skill and know how of Chemico— 
one of the largest chemical engineering 
organizations in the world. 


©GHEMICO 


CHEMICAL CONSTRUCTION (G.B8.) LTD. 
9 Henrietta Place, London, W.1 Tel: LANGHAM 6571 


January, 1960 
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London headquarters of Chemico. 








Tips for 
Corrosion Prevention 


A COMMON ERROR in condenser 
design which may lead to severe im- 
pingement corrosion is to introduce 
the hot gases at the top of a vertically 
mounted unit. If the gases are of a 
corrosive nature, the tube walls may 
suffer considerably through the im- 
pingement of the gases upon them 
causing accelerated and high-tempera- 
ture corrosion. By introducing the 
hot gases at the base of the condenser, 
it is possible to take advantage of the 
wetted-wall falling film formed by the 
condensing liquid higher up the tubes. 
The hot gases then impinge upon a 
liquid film and the corrosive con- 
stituents extracted from the gases are 
diluted by the falling film of liquid. 
This practice will not only reduce 
corrosion considerably, but it is likely 
to lead to higher heat-transfer rates 
because the temperature driving force 
between liquid film and hot gas will 
be greater than in the case of the less- 


favoured arrangement where the hot 
gases are in contact with a dry metal 
surface. 

Autoclave design is another field 
where improvements in design can 
lead to improved resistance to corrosive 
conditions. In the design of nozzles, if 
their ends are-left square, capillary 
action may raise the corrosive liquors 
around the nozzle surfaces into 
crevices at the openings and into dis- 
continuities in the runs of the weld 
metal. As a result, concentration cell 
corrosion often takes place. Again, 
the square-end nozzle may cause 
drainage down the side wall, thereby 
producing a groove of corrosion at 
that part of the vessel. By providing 
a bevelled surface at the lower end of 
the nozzle a more positive drainage 
is obtained, and rise of the liquids 
through capillary action is hindered. 


Protecting Steel Sulphonators 

Steel sulphonators are also known 
to suffer corrosion at the liquid-vapour 
interface. This can happen where sul- 
phuric acid is used for sulphonation 
if the acid is added to the surface of 
the organic liquid in the vessel while 
agitation is taking place. The dilution 
effect and the temperature rise brought 





BAD 


about by the addition causes the walls 
of the vessel to come into contact 
with hot dilute sulphuric acid, with the 
result that severe corrosion takes 
place. In one case this type of attack 
was reduced by the simple expedient 
of extending the sulphuric acid inlet 
pipe below the surface of the sul- 
phonation mass and at a point in the 
vessel where the intensity of agitation 
was at its greatest. The vessel wall is 
then not in direct contact with dilute 
sulphuric acid. In another case this 
method was not successful because 
foaming occurred. The solution 
adopted consisted of introducing the 
mixed mass of reactants into the 
autoclave after they had passed 
through a jet-mixer constructed of a 
material capable of resisting the 
action of the hot dilute sulphuric acid. 


How to Reduce Filter Cake Moisture 


QuITE OFTEN a lower filter cake 
moisture is desired than can be ob- 
tained by conventional means—in- 
creasing the drying portion of the 
filter cycle, operating with a thinner 
cake, increasing the vacuum “pump 
capacity. 

In metallurgical § bottom - feed 
vacuum filtration a waste-product 
siliceous coarse-grained material may 
be applied as a pre-coat, at the same 
time eliminating the air blow from 
the filter, which normally assists cake 
discharge. Sand is usually removed 
early in the flowsheet and, being a 
waste product, can be used for “back- 
filling” underground. 

Filtration of a coarse-grained crystal 
would normally be carried out by a 
top-feed drum or horizontal pan-type 
filter. The same principle may be 
applied as above, i.e., by splitting the 
crystals into two fractions using a 
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liquid cyclone (see BriTISH CHEMICAL 
ENGINEERING, Vol. 1, No. 1, article by 
R. H. Naylor), in which a coarse 
pre-coat matrix is formed. 

If the fine fraction contains a con- 
siderable amount of fines, which forms 
an effective seal on top of the filter 
cake when filtering in a horizontal 
plane, thereby preventing the passage 
of air under the vacuum differential, 
then this “surface” should be broken 
up with a stationary rake. The pene- 
tration of the raking fingers should 
only extend to a depth just below that 
of the fines, leaving undisturbed the 
coarse fraction. Movement of the filter 
matrix through the rake produces 
furrows which permits the air to dis- 
place the entrained water in the filter 
bed. The lower diagram (left) shows 
the principle of operation of the 
stationary rake and how it extends to 
a depth just below that of the fines. 
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Suspension Separation 


THE PROCESS of continuous filtra- 
tion of suspensions and slurries can 
be speeded up by including a pre- 
liminary thickening operation in the 
filtration scheme in series with a cen- 
trifuge or a rotary vacuum filter. For 
the purpose a box-type filter can be 
used of the type shown in the dia- 
gram. It consists of a trough which 
terminates at its lower end in a coni- 
cal or pyramidal base for collecting 
the thickened precipitate. The trough 
contains an assembly of filter ele- 
ments or plates which are connected 
to a common conduit for the passage 
of the filtrate. This conduit has two 
branches, one being connected 
through an_ intermediate filtrate 
receiver to the filtrate pump. The 
other branch can, if required, be open 
to atmosphere. In each branch a mag- 
netic valve is fitted; when filtration is 
in progress the valve in the connec- 
tion to the receiver is kept open and 
the valve in the side branch is closed. 
Filtration is maintained until the cake 
resistance becomes excessive. The 
valve in the side branch can then be 
made to open after the receiver 
valve has been closed. A time switch 
can be used for obtaining the proper 
sequence of valve operation. Through 
the opening of the side branch valve, 
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air enters the conduit connecting the 
filter plates and forces the filtrate 
remaining in the conduit back into 
the trough of the filter, At the same 
time, through the lifting force exerted 
on the cake, the latter drops into the 
base of the trough in a compact form. 
While still in this condition the pre- 
cipitate can be removed by means of 
a diaphragm or screw pump and fed 
to a continuous rotary vacuum filter 
or a centrifuge. The timer can then 
close the side branch valve and open 
the receiver valve to allow the filtra- 
tion in the box filter to proceed. Such 
a combination of box filter in series 
with another type of filter may often 
prove to be an economical solution to 
the separation of difficult-to-filter sus- 
pensions. The above arrangement was 
described in an article by H. Rum- 
pelt, Chem. Ing. Tech., 1958, 30, 226. 


Constant-rate 
Variable-period Gas Sampler 


By USING THIS APPARATUS it is pos- 
sible to collect samples of gas over 
any specified period of time at a con- 
stant rate, This is particularly valu- 
able when it is required that the 
sample is to be a true average of the 
whole. The device consists of an as- 
pirator, A, with a tightly fitting bung 
and a sample inlet pipe. A water over- 
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flow weir, B, is connected to the as- 
pirator by a rubber tube. By lowering 
B, the level of water in the aspirator 
falls and the gas sample enters. The 
water overflow weir is lowered at a 
constant rate by means of the driving 
mechanism which consists of a drum, 
D, the circumference of which is 
equal to H, the distance the overflow 
weir falls when collecting the sample. 
The weir is connected to the drum by 
a light string over pulleys C and F. A 
clockwork mechanism (making one 
revolution in 24 hr—a discarded pres- 
sure recorder would be ideal) drives 
the drum. The rate of sampling 
may be varied by fitting the drum and 
driving mechanism with pulleys of 
various diameters. The inertia of the 
weir is counter-balanced by fixing a 
counter weight on pulley C. Should 
the sample be soluble in water, then 
a protective film of light oil, such as 
liquid paraffin, can be placed on the 
water in the aspirator. 
R.H.U. 


Lagging Mattresses 


THE ORTHODOX METHOD of mattress 
making is to cut and sew up an 
envelope of the required size and 
shape, leaving a hole for filling at a 
suitable point. Insulating material is 
then packed into the envelope and the 
filling hole stitched up; in the case 
of certain irregular shapes, this is still 
the best method. 


Improved Lagging Method 

The improved method is as follows: 

(1) the wire netting is cut to the 
required size and the edges 
turned up to form a shallow 
box, approximately 14 in. deep; 

(2) the slag wool is placed in this 
box and built up to the required 
thickness and density; 

(3) a second piece of wire netting 
is placed on top of the slag wool 
and the edges twisted in to 
those of the box. The slag wool 
is now totally enclosed in a wire 
netting box; and 

(4) asbestos or similar cloth is now 
placed over one side of the 
‘mattress only and stitched to the 
netting. 

Apart from the saving in material 
by this method, the manufacturing 
time is reduced and also a much more 
uniform mattress is made. 

(Courtesy of 1.C.1. Wilton Services Works) 





Contributions 
invited 


THE EDITOR invites readers 
to submit, for possible publica- 


tion in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 
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Tubular Versus Polybloc Exchangers for Pickle Liquor 


Dear Sir: 

We have noted Mr. G. H. Black’s 
comments in the December, 1959, issue 
of British CHEMICAL ENGINEERING on 
our article “A Novel Application for 
Graphite Heat Exchangers” published in 
the July, 1959, issue of British CHEMI- 
CAL ENGINEERING. We are, of course, 
aware of the merits of Keebush material 
for the construction of pumps and pipe- 
work. However, we do not share his 
opinion on the merits of tubular heaters 
for pickling liquor. 

The tubular system was developed 
over the years for constructions in 
metals for which it is suitable, because 
most metals are isotropic. Conversely, 
graphite, which is the most important 
non-metallic constructional material for 
corrosion-resistant heat exchangers, is 
highly anisotropic, and whereas its com- 
pressive strength is very good, its tensile 
and flexural strength are poor. Struc- 
tures based on tubular or such-like sys- 
tems fail to exploit the good compres- 
sive strength of graphite, for they are 
subject to tensile and flexural stresses. 
It appears, therefore, not advantageous to 
use such material in the form of long 
thin shapes “sach as tubes. Any preferred 
orientation of the anisotropic graphite 
crystals is, in tubes, opposite to the direc- 
tion of the desired heat transfer. To 
exploit the thermal conductivity of 
graphite to best advantage, it is required 
to use drilled monolithic blocks. To fix 
the tubes in the header plates, cemented 
joints are generally used which have to 
be not only chemically inert, but which 
are also subject to differential expansion 
stresses. Normally, the limiting working 
pressure with tubular units is only a 
fraction of that permissible with gra- 
phite blocks. These and other charac- 
teristics of the material raise the ques- 
tion whether there exists a construc- 
tional method which is less suitable for 
graphite than jis the tubular system? In 
a paper entitled “Considerations on the 
Design of Graphite Heat Exchangers” 
which was presented before the Chemi- 
cal Engineering Conference at Oslo in 
October, 1958, and reprinted in BritisH 
CHEMICAL ENGINEERING of March, 1959, 
one of the authors explained his reasons 
for the development of a constructional 
system (known as the Polybloc system), 
which we consider more suitable for 
graphite constructions, because it mini- 
mises the effect of the less favourable 
properties of the material, and takes 
full advantage of its many favourable 
characteristics. It is also a major merit 
of the Polybloc system that the short 
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length/diameter passage ratio which it 
involves takes advantage of the end 
effect to inhibit streamline flow at com- 
paratively slow flow rates. This induces 
not only improved heat-exchange effi- 
ciency, but introduces an important 
scale-inhibiting effect. It is recalled that, 
at the Wednesbury plant described in 
our aforesaid article, the Polyblocs con- 
tinue to perform at the originally 
measured heat-exchange coefficient, and 
that the first Polybloc there has been in 
substantially continuous operation for 
16 hr per day since August, 1957. 
Neither this Polybloc, nor the two others 
subsequently installed (January, 1958), 
ever required any maintenance or other 
attention whatsoever. This illustrates the 
very real and practical importance of the 
anti-fouling effect of our system. Con- 
versely, we understand that tubular units, 
if used for the heating of pickling liquor, 
may suffer loss of heat-exchange effi- 
ciency through fouling up, after com- 
paratively short periods of operation, 
and may require frequent cleaning out. 
The mechanical descaling of long gra- 
phite tubes (Mr. Black mentions 9 ft 
length) seems, in our opinion, a rather 
delicate operation, and it appears diffi- 
cult to visualise how this can be done 
without damage to the tubes. We feel 
that it is preferable to employ a system 
which can avoid the trouble and expense 
of frequent cleaning and maintenance. 

It is recalled that in the plant des- 
cribed in our article this is achieved 
with a pickling liquor flowrate through 
the heat exchangers of only 2 ft per sec., 
and a pressure drop which is so small 
that it is hardly measurable. Mr. Black 
does not cite flow speed figures. In our 
opinion, an excessive liquor flow speed 
would be necessary to obtain a similar 
anti-fouling effect with heat-exchanger 
tubes of 9 ft length and normal diameter, 
involving heavy wear and maintenance 
cost of the pumps. Conversely, to ap- 
proach the L/D ratio of the process pas- 
sages of the aforesaid Polyblocs, the 
id. of such tubes would have to be 
about 10 in., which appears economically 
impracticable. It would be interesting to 
learn at what pickling liquor flow speed 
Mr. Black can guarantee complete and 
permanent inhibition of iron sulphate 
scale deposits, with the 9-ft-long heat- 
exchange passages which he cited? 
Figures showing overall heat-exchange 
coefficients as a function of pickling 
liquor flow speed and pressure drop and 
variation of these coefficients (if any) 
from year to year (provided of course, 
that like the Polyblocs at Wednesbury, 


the tube bundles mever require any 
cleaning) would also be of considerable 
interest for comparison with the figures 
published in our aforesaid article. The 
heat exchangers made from 9-ft-length 
graphite tubes which Mr. Black cites 
occupy, presumably a _ considerable 
space. Conversely, it is recalled that the 
extreme dimensions of the Polyblocs at 
the Wednesbury plant are only 94 in. in 
diameter and 2 ft 8 in. high. 

A major object in replacing live steam 
injection and/or submerged coils by 
external heat exchangers is the savings in 
fuel, maintenance and operating costs. The 
provision of corresponding figures from 
steelworks using graphite tubular heaters 
would greatly assist in clarifying the 
questions which were raised, as they 
would permit some measure of quantita- 
tive comparison with the important 
savings which we were able to record. 
As our article cites figures actually 
reported by an engineering works using 
Polyblocs for the pickling of steel, it 
appears reasonable that they should be 
compared with corresponding figures 
from a works using tubular graphite 
units for a similar duty. 

Concerning the last paragraph of Mr. 
Black’s letter, it is noted that this refers 
to a graphite tube bundle for the heat- 
ing of pickling liquor in a continuous 
strip pickling line. He does not cite the 
quaatity of pickling liquor in the tank, 
quantity of steel strip pickled per hour. 
and whether the tank is covered? Details 
of these and other data are essential for 
any comparison. Whereas in our ex- 
perience the pickling liquor temperatures 
for intermittent pickling (ingots, coils, 
etc.) are usually around 60-75°C, much 
higher pickling liquor temperatures are 
normally imposed for continuous strip 
lines. To increase pickling speed as a 
function of strip throughout, and to 
reduce pickling cost as well as obtain 
increased production, makers prefer 
generally to work at strip pickling liquor 
temperatures as near as possible to boil- 
ling point. This would not be advan- 
tageous with steam of less than 25 psig 
as mentioned by Mr. Black, because the 
steam temperatures would then be less 
than 115°C, resulting in somewhat poor 
Atm. In our experience, managers of 
continuous-strip pickling plant prefer to 
work (for speed and efficiency) at pickling 
liquor temperatures up to 100°C and 
heating steam pressures up to 85 psig 
(steam temperatures up to 158°C for 
favourable Atm). Such steam pressures 
are fully compatible with graphite units 
based on the Polybloc system. It appears 
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Motors for corrosive 
and explosive atmospheres 


CHEMICALS & PAINT 


Class ‘LYC’ motors to B.S. 2083 up to 
25 h.p. 

‘ENGLISH ELECTRIC’ is the only Company 
making chemical works motors to this 
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LETTERS T0 THE EDITOR continued 


difficult to visualise how they could be 
employed with graphite tubular units 
which, we understand, are normally 
specified for working pressures which are 
only a fraction of our aforesaid figures. 

Some degree of rough handling of 
equipment is often unavoidable in heavy 
industries such as steelworks. This is a 
reason for the compact design of the 
Polybloc elements. Experience has shown 


Dear Sir: 

The note appearing on page 481 of the 
August-September, 1959, issue of BRITISH 
CHEMICAL ENGINEERING under the above 
title describes a defrothing method and 
equipment used in connection with a gas- 
purification process known as the Man- 
chester Process. This is the subject of a 
number of patents, in particular B.P. Nos. 
660,671 and 667,963. The plant referred 
to was in fact designed and constructed 
for the Wales Gas Board by Humphreys 
& Glasgow Ltd. 

The Manchester Purification Process is 
a process for removing hydrogen sulphide 


that the effective robustness of Polyblocs 
is comparable to that of units constructed 
completely from metal. However, it ap- 
pears difficult to visualise how long, thin 
graphite tubes would stand up to trans- 
mitted shock, e.g., caused by the acci- 
dental impact on the shell of an ingot 
or such-like charge. 

We feel that as some of the views ex- 
pressed in Mr. Black’s letter differ from 


from gases by a particular method of 
washing with a suspension of a suitable 
iron compound in an alkaline carbonate 
solution. We and certain other companies 
have licences to design and build plant 
for the process. A number of plants have 
been built, differing in various respects. 
For example, the plants built by the other 
licensees use arrangements for destroying 
froth which are completely different from 
the defrother which we designed for the 
plant which we built at Cardiff. Therefore, 
although our défrother is very effective 
and very useful, it is not essential to the 
Manchester Process, Also, of course, the 


our own experience, it would be of ser- 
vice to us and others if they could be 
elucidated by actual quantitative per- 
formance data, measuring in works using 
tubular graphite heat exchanges for steel 
pickling liquor, both in intermittent and 
continuous processes. 
Yours faithfully, 
A. HILLIARD 
N. H. RICHES 
B. A. GARMAN 


Société Le Carbone-Lorraine, 
64 Finsbury Pavement, 
London, E.C.2. 


Purification Plant Oxidiser and Purifier 


defrother is capable of use in other pro- 
cesses where defrothing is required. 

We are anxious, in view of the absence 
of a reference to the patent position in 
your description of the defrothing method 
detailed in your Process Engineer’s Note- 
book, that your readers should not have 
the impression that they are free to use 
this method of defrothing either for the 
Manchester Process or any other applica- 
tion. Yours faithfully, 

A. J. Woopin 
Humphreys & Glasgow: Ltd., 
22 Carlisle Place, 
London, S.W.1. 





French Industries Cut Relining Costs 


. ININGS of neoprene are being used effectively in 
many French industries to protect equipment and 
vessels from a wide range of corrosive influences. The 
result is a drastic reduction in costly relining operations. 
Neoprene ‘was introduced a little more than 27 years ago 
in the United States as the first commercially available 
multi-purpose synthetic rubber, It has a number of out- 
standing properties which make it highly desirable as a 
lining or coating material. Because of these properties, 
neoprene-lined vessels can handle products which would 
quickly attack natural rubber or the less durable lining 
materials. Neoprene offers resistance to chemicals, oils, 
abrasion, temperature changes, ozone and weathering. The 
following case histories*, from several different French in- 
dustries, illustrate how these properties of neoprene are 
being utilised to advantage in lining industrial equipment: 
Neoprene linings are being used in vats for washing 
abrasives because of their resistance to heat, chemicals and 
abrasion. A sulphuric acid solution bath is used, heated to 
80°C by the injection of live steam. The abrasive particles 
are agitated by the steam pressure, with four separate 
batches of abrasives being washed each 24 hr. 

The 4-mm-thick neoprene lining used in these abrasive 
washing tanks replaces a 15-mm coating of lead used pre- 
viously. The lead coating eroded away and had to be 
replaced after only six months to a year’s use. The neo- 
prene lining was applied three years ago and is still in good 
condition. 

Neoprene’s resistance to rapid temperature changes is 
used to good advantage in pigments manufacturing. It is the 
only lining material used to date which can withstand the 
sudden temperature changes from boiling to freezing 
necessary in this operation. The products in this vat also 
are subject to agitation. 





s applied by Société Chimique de Ger- 


*The case histories refer to lini 
yon, France. 


land, 49 rue de la République 49, 
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The coatings in vats for processing uranium, titanium, 
vanadium and cobalt must simultaneously resist attack by 
chemicals and abrasion. The ores are treated with sulphuric 
acid at a temperature of 70°C. A 5-10% solution of nitric 
acid is added to complete the processing. The giant agita- 
tors used in this process as well as the vessel walls are 
coated with neoprene 6 mm thick. 

Large vats of 200cu. m. are lined with neoprene sheet 
over a thin base of polyisobutylene. The neoprene, unlike 
the natural rubber and other materials tried previously, 
resists traces of the organic solvent present in this vat. The 
polyisobutylene prevents the hydrochloric acid from being 
diffused through the neoprene to the surface of the tank. 
The lining in this vat has been in use since 1957 and is 
still in good order. 

The conical floors, interior sidewalls, armatures and 
sectional iron supports of a three-storey-high Dorr Oliver 
thickener (a device used to take water from chemical 
slurries) are lined with more than 3000 sq. m. of sheet 
neoprene. Use of neoprene for lining this mammoth piece 
of equipment represents one of the larggst single applica- 
tions for a neoprene lining in France. 

The neoprene linings used for these applications ranged 
in thickness from 2-6 mm, depending upon each specific 
area being lined. They were applied to the interior of 
various vessels at the plant site with an adhesive, after the 
steel or concrete surfaces had been sanded smooth. For 
smaller vessels unvulcanised sheets are bonded to the 
metal interiors, then cured by autoclaving. Where the ves- 
sel is too large for autoclaving, the sheet neoprene is vul- 
canised before application in the plant of the lining manu- 
facturer. 

The lining used had the following properties: density, 
1.38; shore hardness A, 60; elongation at break, 500-550; 
breaking strength, 150-160 kg/sq. cm; and modulus at 
200%, 45-50 kg/sq. cm. 
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Screws and components 
made from ‘Maranyl’ 
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he screws and components illustrated- were 

moulded in ‘Maranyl’ A 100 nylon by George 
Goodman Ltd., Robin Hood Lane, Birmingham, 28. 
They are light yet strong, resistant to corrosion and 
are good electrical insulators. They are long-lasting 
and resist vibrational fatigue and abrasion. 


There are many other important features of this 
I.C.I. plastic that commend it for a multitude of 
uses in the industry of today— and tomorrow. It 
resists oil, fuel, greases and most common solvents. 
It needs no lubrication. Its inertia is low. It is easy 


Selection of screws and 
components moulded in 
‘Maranyl’ A roo nylon 
by George Goodman 
Ltd., Robin Hood Lane, 
Birmingham, 28 


to fabricate. It has low coefficients of friction and is 
silent in operation. ‘Maranyl’ A 100 nylon is avail- 
able in a wide range of colours. 
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Progress in Cryogenics—Volume 1 
Edited by K. Mendelssohn 
Heywood & Co. Ltd., London, 1959, 63s. 

HE techniques employed in low- 

temperature physics, together with the 
practical applications of some of the 
phenomena which this subject has 
revealed, are now loosely classified by 
the word “cryogenics”. The scope is 
wide, as is evident from the topics 
covered in this first progress volume. Due 
to the eminence of the editor and his 
wide range of interests and international 
contacts, a very strong team of contri- 
butors has been brought. together. 

D. R. Youno, of the f£.B.M. Research 
Laboratory, New York, leads with a dis- 
cussion of computer circuits using super- 
conducting elements. He describes the 
various types of switching and sensing 
devices and the ways in which these are 
linked in modulator and memory circuits. 

Thermo-electric cooling, which is a 
borderline subject in cryogenics, is re- 
viewed by D. A. Wricat, of the General 
Electric Co., Wembley. His article covers 
some of the basic physics of semi- 
conductors and the problems involved in 
selecting suitable pairs for thermo-electric 
refrigerators. 

Two technical aspects of low tempera- 
tures are covered respectively by M. M. 
Futks, who writes with the authority of 
the National Bureau of Standards on 
evacuated powder lagging, and B. R. 
Brown, of the British Oxygen Co., who 
discusses plate-efficiency in the fractiona- 
tion of liquefied gases. 

Four papers deal with physical 
measurements at low temperatures. H. M. 
RosensurG, Clarendon Laboratory, re- 
views apparatus for measuring the 
mechanical properties of metals, whilst 
ultrasonic attenuation in metals is 
described by R. W. Morse (Brown Uni- 
versity, U.S.A.). A Russian contributor, 
N. V. Zavarirsky, deals with the deter- 
mination of specific heats by the tem- 
perature-wave method. General methods 
of low-temperature calorimetry are sum- 
marised by R. W. Hut (Clarendon 
Laboratory). 

The remaining topic is that of frozen 
free radicals. G. J. MINKOFF contributes 
an extensive and well-documented review 
of the present state of the subject— 
largely arising from his association with 
research at the Bureau of Standards in 
Washington. 

The standard of writing and presenta- 
tion is consistently high and each paper 
has an ample bibliography. 

G.G.H. 


DECHEMA Monogriphien. 

Band 32, Nr. 451-476. Band 33, Nr. 477-502. 
Deutsche Gesellschaft fiir Chemisches Apparate- 
wesen E. V., Frankfurt A. M., 1959 


HOSE who attended the ACHEMA 
exhibition in Frankfurt in 1958 will 
remember that several series of lectures 
and discussions were held at the same 
time as the DECHEMA exhibition of 
chemical plant and machinery. Conscien- 


60 


tious attendance at these, as well as at 
the exhibition, the works visits and the 
many social functions, contrived to make 
ACHEMA 1958 a very exhausting week 
for the participants. Those lectures given 
under the auspices of the European Con- 
gress of Chemical Engineering are now 
published as DECHEMA monographs, 
Band 32 and Band 33. The three lan- 
guages of the Congress were German, 
English and French, and when a lecture 
was given in one language there was 
simultaneous presentation of the text in 
the other two languages. In the published 
versions, the lectures are given in full in 
German, with summaries in English and 
French. There is no report of any of 
the discussions which followed the pre- 
sentation of the various papers. 

The publishers have divided the sub- 
ject-matter into 26 papers concerned with 
foundations and principles, (“Betriebs- 
technik—Grundlagen”) in Band 32, and 
26 papers describing processes and chemi- 
cal plant (“Betriebstechnik—Verfahren 
und Operationen”) in Band 33. As 
examples of the kind of distribution, 
such papers aS VAN KREVELEN’S on 
“Advances in the Control of Technical 
Reactions”, papers on physical properties, 
on heat and mass transfer and on mixing, 
etc., are in Band 32. Included also is a 
paper by S. Kamet, of Kyoto University, 
which the publishers seem particularly 
pleased to have; they mention in their 
preface that this gives important experi- 
mental results on the drying of many 
materials which previously had been pub- 
lished only in Japanese language journals. 
Band 33 begins with one of the “prestige 
lectures”, “Acetic Acid Recovery”, by 
D. F. Orumer, and includes papers on 
manufacturing processes, on production 
operations (for example, the electrolysis 
of water under pressure) and on the 
design and performance of equipment 
(for example, air-cooled heat exchangers). 
The two volumes comprise a_ useful 
collection of largely review papers which 
are particularly interesting because of 
their international origin. It is perhaps 
unfortunate that the whole of the text is 
not published in English and French 
versions as well as German. 

The lectures were given at a time 
when German industry was trying to 
comprehend just what unique function 
was possessed by chemical engineers; it 
was still seen as a “coming to terms” of 
the functions of the chemist and the 
engineer. Some discussion of this is given 
in the preface to Band 32. On reading 
this, one has the feeling that when the 
Germans have finished sorting this out 
they may be left with an interpretation 
which is more flexible than that of the 
Institution of Chemical Engineers. The 
Germans certainly seem to recognise that 
the diversification of talent which is met 
in modern chemical industry is not likely 
to be fostered by any stereotyped 
qualification requirement. 

C. S. SiLBus 


Edited by D. H. Everett and F. S. Stone 
Butterworths Scientific Publications, London, 
and Academic Press Inc., New York, 1958, 389 
pp., 60s. 

OLSTON RESEARCH SOCIETY 

cover a large range of subjects: bio- 
chemistry and biophysics, sociology and 
psychology. In 1958 the Society held a 
symposium on the theoretical and prac- 
tical aspects of porosity. Outstanding 
workers from 11 countries, including a 
number from Russia, attended this con- 
ference, the complete proceedings of 
which are given in this book. The papers 
presented comprise reviews of fundamen- 
tal research on the structure of porous 
crystals, gels and carbons; theoretical 
treatments of the behaviour to be ex- 
pected of models-of porous systems; 
accounts of the nature of porous struc- 
tures in paper and materials of building 
construction; and also illustrations of 
the significance of porosity in systems of 
organic origin. 

Titles of the papers were “Aspects of 
Sorption in Porous Crystals” (R. M. 
BARRER); “The Surface Characteristics of 
Carbons” (W. F. K. WyNn-Jongs); 
“Energetics of Sorption” (G. L. KINc- 
TON); “The Shapes of Capillaries” (J. H. 
DE BoeR); “Some Problems in the Inves- 
tigation of Porosity by Adsorption 
Methods” (D. H. Everett); “The Flow 
of Low-boiling Gases through Saran 
Charcoal” (J. R. Dacey and J. A. FeNnpb- 
LEY); “Statistical Descriptions, Correla- 
tion Factors and Physical Properties of 
Granular and Porous Solids” (E. A. 
FLoop); “The Relation Between Gas 
Permeability and- Pore Structure of 
Solids” (P. C. K. Wiccs); “The Prepara- 
tion and Adsorptive Properties of Silica 
Gels” (A. G. Foster and J. M. THorp); 
“The Structure of Certain Corpuscular 
Adsorbents and its Influence on their 
Adsorptive Properties” (A. V. KISLEV); 
“The Influence of Surface Charges on 
the Properties of Porous Materials” 
(R. K. ScHoFIELD); “The Influence of the 
Adsorption of Cations on the Texture 
and Structure of Silica Gels” (C. 
Moucey, J. FRANcoIs-ROSETTI and B. 
IMELEK); “The Structure of Porous Metal 
Films and its Influence on Chemisorp- 
tion Properties (N. N. KAVTARADZE); 
‘The Porous Structure of Paper” (H. F. 
Rance); “The Interaction of Swelling 
Agents with Wool and Nylon” (G. 
Kino); “The Structure of Porous Build- 
ing Stone and its Relation to Weathering 
Behaviour” (D. B. HONEYBORNE and 
P. B. Harris); “The Ascent of Sap and 
the Movement of Soluble Carbohydrates 
in the Stems of Higher Plants” (R. D. 
PRESTON). 

The discussion sections were particu- 
larly interesting, as most recent data and 
experimental techniques were presented 
there, and the comment was very lively. 
The review papers at the beginning of 
the volume will probably find the most 
readers, as they are authoritative state- 
ments of our knowledge of the 
properties of porous structures today. 

W. Srrauss 
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; LABORATORY 
a INSTRUMENTS 
a Their Design and Application 
j by 
A. ELLIOTT, PH.D., D.SC. 
and 
J. HOME DICKSON, M.SC. 
SECOND EDITION 


Jilustrated 











530 pages 55s. net 


This book, based on the experience of many years of 
research work, presents the principles on which good 
design is based, and gives many examples of practical 
applications. It was an immediate success when it was 
first published, and the demand for a second edition 
has given the authors the opportunity ‘of revising the 
book completely and of adding much new material. 


* 
From John Wiley & Sons, Inc. 


CHEMICAL 
PROCESS 
PRINCIPLES 


Part Il — Thermodynamics 
by 
OLAF A. HOUGEN 
KENNETH M. WATSON 
ROLAND A. RAGATZ 


SECOND EDITION 
624 pages Illustrated 78s. net 


This new edition of the second part of a three volume 
work: brings together the theoretical development and 
practical applications of the basic engineering science 
of thermodynamics, plus advanced treatment of the 
more specialized developments of chemical engineering HH 
thermodynamics. Carefully revised to reflect the most 
recent technological advances, the book contains a 
great deal of new material. 


z * 
From Reinhold Publishing Corporation 


J SOURCE BOOK 
OF THE 


3 NEW PLASTICS 


(Volume I) 
ze by 
HERBERT R. SIMONDS 


362 pages Illustrated 


A comprehensive review of the new plastics: their 
production, applications and selection. Sixty plastics 
producing companies in the U.S.A. contribute articles 
describing their materials—including the seven new 
primary plastics of 1958. The book isa unique approach 
to plastics that concerns itself almost exclusively with 
latest developments. Whatever the reader’s question, 
need or interest in new plastic materials, it is dealt 
with in a specific, accurate and practical manner. 
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EPINAMEL 
ANTI CORROSION COATINGS 


This illustration, reproduced by permission 
of Shell Chemical Co, Ltd., presents a 
typical example of the successful applica- 
tion of Epinamel Anti-Corrosion Coatings 
to Chemical plant. 


Write for full details of Epinamel to : 


ARTHUR HOLDEN & SONS LTD. 


BORDESLEY GREEN ROAD, BIRMINGHAM, 11 
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D.L.F. Aid for Jordan 

A loan agreement has been signed in 
Amman, Jordan, under which the U.S. 
Government will lend $1,500,000 to the 
Jordan Phosphate Mines Co. Ltd. to 
help finance expansion of its opera- 
tions. The loan will permit expansion of 
the output of the company’s mines near 
Ruseifa, north-east of Amman, from the 
present output of 320,000 tons of dry 
phosphate a year to some 600,000 tons 
a year in the first phase, Ultimately, if 
markets and other economic factors war- 
rant it, the output will be increased to 
about 1,050,000 tons a year. The Ruseifa 
deposits and reserves are extensive and 
provide the country’s major opportunity 
for expanding its exports. Thus, it is 
expected that the operations made pos- 
sible by the Development Loan Fund 
will increase employment, foreign ex- 
change earnings and Government reve- 
nues in Jordan. 


One-step Catalytic Process 

A dual-purpose one-step catalytic pro- 
cess for purification and dealkylation of 
aromatic light oils has been developed 
by Houdry Process Corp., in co-opera- 
tion with a large eastern steel company. 
Available for general licensing to coke 
oven operators and petroleum and 
chemical companies, the new LITOL 
process is reported to be of particular 
interest to coke oven operators. It is used 
for the processing of aromatic light oils 
to obtain benzene, toluene and xylene 
which meet the most stringent purifica- 
tion specifications. The purified benzene 
obtained contains less than 1 ppm of 
thiophene and has a freezing point of 
5.4°C, or higher. The Houdry process 
is said to eliminate the need for a second 
step involving either costly azeotropic 
distillation or solvent extraction. 


Haifa Fertiliser Research 

In their annual report for the year 
ended March, 1959, the directors of 
Fertilisers & Chemicals Ltd., Haifa, 
stated that the company’s research divi- 
sion have been engaged in the develop- 
ment of new liquid and compound fer- 
tilisers and a broad range of industrial 
chemicals for sale at home and abroad. 
Several new phosphate salts based on 
local raw materials were developed and 
commercial production of these had 
been commenced, while research was 
also conducted on the manufacture and 
reactions of elemental phosphorus. 
Plans were also announced to extend the 
field of chemical research and to 
strengthen the company’s scientific staff. 


Polystyrene Plant for Greece 
The Dow Chemical Co. is to form a 
wholly-owned subsidiary to manufacture 
polystyrene plastic in Greece The Greek 
Government has approved Dow’s invest- 
ment in a plant to cost in excess of a 
million dollars. It will be built at a 
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location yet to be determined, and con- 
struction will begin as soon as a site has 
been selected. It is expected that opera- 
tions will start in early 1961. 

The plant, which will use imported 
raw materials, will be the first to pro- 
duce, polystyrene in Greece. The output 
is scheduled for both the Greek market 
and for export. 

The company will be held financially 
by Dow Chemie A.G., of Basle, Switzer- 
land, a wholly-owned subsidiary which 
manages Dow investments abroad. 


Extension to Pernis Plant 
A further Shell development following 
upon the success of Shell’s synthetic 
glycerin in international markets is the 
decision to increase the capacity of the 
synthetic glycerin plant at Pernis (Rotter- 
dam), which has been in operation for 
a year. As a first stage in the expansion 
programme, the capacity will be in- 
creased to a minimum of 15,000 tons a 
year. The increased capacity is expected 

to become effective early in 1960. 


Chemical Sales Section 

British Celanese Ltd. have set up a 
Chemical Sales Development Section, 
which, among its other activities, will 
handle inquiries for chemicals which are 
or which may become required on an 
industrial scale, whether or not these are 
at present in production. Inquiries 
should be addressed to British Celanese 
Ltd., Chemical Sales Development, 
Foleshill Road, Coventry. 


Australian Subsidiary for Mono 

Since opening their branch office in 
Australia, developments in the use of 
their products have led Mono Pumps 
Ltd. to establish a subsidiary, Mono 
Pumps (Australia) Pty. Ltd. Chairman of 
the new subsidiary is Sir Giles Chip- 
pendale and managing director is Mr. G. 
H. Snow, who established the company’s 
first branch office in Australia. 


Largest Sulphur Plant 

The world’s largest plant for the ex- 
traction of elemental sulphur from raw 
natural gas will be built in the Panther 
River area of Canada’s Alberta foot- 
hills belt, some 40 miles north-west of 
Calgary, if present negotiations between 
the Alberta Pacific Sulphur Co., the 
Union Oil of California and Canadian 
Homestead Oils are successfully con- 
cluded. The plant will cost some $10 
to 12 million to build. 


Styrene for Australia 

Construction has begun on a styrene 
plant for C.S.R.C.-Dow Pty. Ltd. at 
Altona, Australia. George Wimpey & 
Co. Ltd. have been awarded the con- 
tract to build the facilities in association 
with Bechtel Corp., of San Francisco, 
and McDonald Constructions Pty. Ltd. 
of Sydney. The plant is scheduled to 
come on stream on July 1, 1961. 


New Refining Process 

A new petroleum refining process has 
been announced by Universal Oil Pro- 
ducts Co., of America. The process, 
Merox, is described as an inexpensive 
way to remove harmful sulphur com- 
pounds from a wide range of gasolene 
and light distillate oils using a catalyst of 
undisclosed type. The process can be 
used for either mercaptan extraction 
alone, in which it replaces conventional 
regenerative caustic washing, or sweeten- 
ing alone, whence it replaces plumbite or 
copper sweetening. Alternatively, it can 
perform both functions in a combined 
operation. The process, which is avail- 
able for licence to refiners, functions 
through catalytic oxidation of mercap- 
tans to disulphides in a caustic solution 
at ambient temperatures, using atmo- 
spheric oxygen. Disulphides formed are 
insoluble in the solution. 

In the application to mercaptan extrac- 
tion, the Merox process is similar to 
conventional extraction with caustic 
solutions, except for the regeneration step 
which differs markedly. In conventional 
extraction, regeneration of the caustic is 
accomplished by steam stripping at the 
boiling point of the caustic solution. 
Steam consumption and the corrosive 
nature of the hot caustic solution make 
the conventional process expensive. In 
the Merox process, however, régenera- 
tion is accomplished by blowing a small 
quantity of air through the caustic solu- 
tion after separating it from the hydro- 
carbons. Disulphides formed are insoluble 
in the caustic solution and can be removed 
by a gravity separator. The caustic is then 
suitable for reuse. Regeneration is there- 
fore not simply the reversal of the 
extraction reaction; thus high tempera- 
tures and expensive stripping steam are 
not needed. 

In both the sweetening and extraction 
applications of the process, the catalyst 
is used either in solution in the caustic or, 
when greater activity is needed, the 
catalyst is supported on a carrier and 
used in a fixed bed. Catalyst life has 
exceeded 20,000 barrels/Ib. 


SCHEMATIC FLOW DIAGRAM OF 
MEROX MERCAPTAN EXTRACTION PROCESS 


MERCAPTAN 
EXTRACTOR ~ 
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BCE 6712 for further information 
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The Fielden CAPAC/TANCE METHOD 
isthe simplest answer 
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The principle of capacitance control and indication of level for industrial purposes has 

been successfully used by Fielden Electronics Ltd. for the past ten years. In that time TEKTOR Regd. 
it has produced a range of instruments used throughout the world to answer almost 
every level problem involving any liquid or free-flowing solid regardless of conductivity, 


insulating value, density or corrosive properties. Installation is simple, there are no 
moving parts in the container and direct contact with the material is unnecessary. TE LSTOR Regd. 
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Send for fully illustrated literature. 
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ALSO AUSTRALIA, ITALY AND CANADA Branch Offices LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH and DUBLIN 
™ Agents throughout the world 
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Plant for Treatment of Effiuents 

An entire range of treatment equip- 
ment, based upon well-tried U.S. designs, 
is now available in the United Kingdom. 
The range includes clarifiers and 
thickeners, reactor-clarifiers, flotators, 
flotator-clarifiers, grit separators, floccula- 
tors, filters, and so on. Clarifiers and 
thickeners can be supplied in sizes up to 
325 ft in diameter. Special features avail- 
able on all machines are spiral inlet 
diffusers and feed wells of large 
diameter, features which provide excel- 
lent removal of solids and flexible 
operation. 


Flotator-clarifiers of the type shown in 
the accompanying illustration remove 
slow-settling solids by flotation. an opera- 
tion which is performed in the middle 
of the machine. The heavier solids settle 
to the bottom, where a raking action 
moves them to the middle for discharge. 
This method has the following advan- 
tages; it provides a smaller sized basin, 
prevents odours on account of its rapid 
removal of solids, and it prevents septic 
conditions. Eimco (Gt. Britain) Ltd., 
Gateshead, Co. Durham. 


BCE 6752 for further information 


Bolt-hole Boring Machine 


A new machine for boring the holes 


in coupling flanges especially where 
space is restricted makes use of a boring 
bar which is carried in runs in needle- 
roller bearings fitted in  steadying 
brackets located on each side of the 
coupling flange. One of these steadying 
brackets carries a gearbox from which 
the boring bar is driven, the primary 
drive being provided from a separate 
motor by means of a heavy-duty flexible 
shaft. The gearbox carries, in addition, 
the feed mechanism which is engaged by 
means of a thumb screw attached to the 
feed bracket. The entire assembly is 
readily clamped to the flanges to be 
bored and the position of the cutter for 
the size of hole required is obtained by 
means of a special micrometer. Buma 
Engineering Co. Ltd., Newcastle upon 
Tyne, 6. 

BCE 6753 for further information 
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Industrial Oil Burners 


Swinney Bros. have designed a com- 
pletely mew range of industrial oil 
burners of the proportioning low-pressure 
air type called the “Moduflame” burners. 
Output is controlled by movement of 
one lever, either manually or by auto- 
matic control, and the air/fuel ratio is 
maintained constant throughout the 
operating range. The turn-down range is 
about 44 to 1. When using heavy fuel 
oils which require preheating before 
burning, the hot oil can be circulated 
through part of the burner body during 
non-firing periods. This is said to be a 
unique feature resulting in trouble-free 
ignition. Swinney Bros. Ltd., 34 Crutched 
Friars, London, E.C.3. 

BCE 6754 for further information 


New Range of Worthington-Simpson 
Pumps 

Worthington-Simpson Ltd. announce 
an addition to their already extensive 
range of versatile “Monobloc” centrifugal 
pumps. The new range is designated type 
“DO” and comprises open impeller-type 
pumps specially designed to handle 
slurries, paper stock, liquids containing 
small solids, and viscous liquids as well 
as clear liquids. Capacities of from 10 to 
360 gpm and heads up to 86 ft, depending 
on capacity, are covered by this range 
of pumps. Worthington-Simpson Ltd., 

Lowfield Works, Newark, Notts. 
BCE 6755 for further information 


Non-mechanical Calculator 

A well-established continental calcu- 
lator is now being introduced into 
Britain. It consists of a set of 99 stiff 
cardboard sheets tabbed with their num- 
bers and bearing precalculated tables 
which include figures for both direct 
multiplication and for a number of the 
most frequently occurring fractions. Up 
to 9999 can be multiplied by two digits 
and the answer directly read off the 
tables. For larger numbers of digits it is 
necessary to carry out two or possibly 
more inspections of the tables and to 
add together the two answers. Thus it 
is possible to multiply 8 by 2 digits with 
one addition or 4 by 6 digits with 2 


additions. All answers are given directly 
in (usually 5) digits without any need for 
estimating intervals and interpolation as 
in the use of slide rules. The device is 
called the Bergman Unical Universal 
Calculator. It weighs 7 Ib., so that it 
can easily be carried around; having no 
moving parts, it requires no mechanical 
maintenance. It is manufactured by 
Unical S.A. of Frauenfeld, Switzerland, 
costs £25 and the British agent is 
Kenneth Miles, 13 Netherall Gardens, 
London, N.W.3. 

BCE 6756 for further information 


Corrosion-resistant Mechanical Seal 

This seal proved an excellent solution 
to an awkward pumping problem in- 
volving the circulation of 98% sulphuric 
acid around scrubbing towers. For this 
purpose, stainless-steel pumps were em- 
ployed each handling about 18 Imperial 
gpm at an 80-ft head. Corrosion of the 
seal components and wear of the seal 
faces were the main troubles experienced 
before the adoption of the new seals, 
and attention, adjustment and replace- 
ment were frequent with the original 
seals. Normal operating temperatures 
were in the range 35-70°C. 


The replacement seal used above, 
known as the Chemiseal, is a chemically 
resistant, pressure-balanced unit with 
spring-loaded PTFE bellows. It can 
operate without trouble at 75°C and at 
100 psi, and at shaft speeds up to 
2000 fpm without cooling. In the plant 
referred to, more than two years elapsed 
before the replacement seals required 
attention of any kind. The Garlock Pack- 
ing Co., Palmyra, New York. 

BCE 6757 for further information 


Neutralisation Plant 
It has been generally accepted that 
cyanide- and chromate-bearing effluents 
are extremely difficult to treat auto- 
matically, but the use of a newly 
developed neutralisation plant makes it 
possible for any company to have an 
automatically controlled effluent of pH 
within the range 6.5-7.5. This is a figure 
generally acceptable to Water and River 

Boards throughout the country. 
In this treatment unit, developed by 
A. M. Lock & Co. Ltd., the effluent is 


British Chemical Engineering 






































BCE 6713 for further information 


The world’s biggest range of 
scroll discharge centrifuges 


Sharples 
Cuper-D-Canters 


The Sharples range of continuous centrifuges not only 
includes machines of every type but a full range of 
models of each type. 

Take for instance the Super-D-Canter type scroll 
discharge centrifuge which is widely used for centrifugal 
filtration of crystalline and amorphous solids from 
slurries. There are no less than 8 basic models. 





P.400 Laboratory Scale Super-D-Canter—4” diameter 
conical bowl; maximum centrifugal force 2,100 x G. 


P.600 A new Pilot Plant Scale Super-D-Canter—6” diameter 
cylindrical/conical bow!; maximum centrifugal force 3,150 x G. 


P.1000 Full Scale Super-D-Canter—14” diameter conical 
bowl; maximum centrifugal force 2,100 x G; especially suit- 
able for handling crystalline materials where good washing is 
required. 


P.2000 Full Scale Super-D-Canter—14” diameter cylindrical 
bowl; maximum centrifugal force 2,100 x G. 


P.2000-HS High Clarifying Capacity Super-D-Canter; 
14” cylindrical/conical bowl; maximum centrifugal force 
3,200 x G; especially suitable for handling fine solids. 


P.3000 A new high liquid throughput Super-D-Canter; 
cylindrical/conical bowl; maximum centrifugal force 3,200 
x G; especially suitable where high throughput of slurries at 
relatively low solids content have to be handled. 


P.4000 A new vertical type Super-D-Canter; cylindrical/ 
conical bowl; maximum centrifugal force 3,200 x G; especially 
suitable for pressurised operation up to 150 p.s.i.g. at high 
liquid throughputs. 


P.7000 Another new vertical Super-D-Canter suitable for 
very large solids throughput; maximum centrifugal force 
1,700 x G; available for pressurised operation up to 150 p.s.i.g. 





For each of these models there are detailed specifications 
for condition of operation such as for vacuum or pres- 
sure, for low temperature, for special rinse requirements, 
for construction in various materials, etc. 


SHARPLES 


SHARPLES CENTRIFUGES LIMITED 
TOWER WORKS, DOMAN ROAD, CAMBERLEY, SURREY 


Phone. Camberley 2601 Grams: Superspin, Camberley 
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pumped through a continuous flow 
detector assembly constructed from inert 
plastic material and fitted with detector 
electrodes. The cyanide detector as- 
sembly generates a potential depending 
mainly upon the concentration of 
cyanide present, and a high potential is 
set up in the chromate detector when 
chromate in the hexavalent state is 
present; and a potential of only few 
millivolts when hexavalent chromate is 
reduced to the trivalent state. The poten- 
tials are electronically amplified and 
changed into current outputs of 0-1 mA 
which are fed into a reaction controller. 


Fully-automatic pu control assemblies 
incorporating continuous flow or immer- 
sion-type electrode systems, pH ampli- 
fiers, electronic dose rate controllers and 
reagent control valves are provided to 
maintain the pu above 10.5 for cyanide 
treatment or below 3 for chromate 
reduction and for the automatic 
neutralisation before discharge to drains 
and rivers. The neutralisation plant can 
be installed for cyanide or chromate 
treatment individually or, where neces- 
sary, hoth effluents can be treated at 
the same time. A. M. Lock & Co. Ltd., 
Oldham. 

BCE 6758 for further information 


P.T.F.E./Glass Stopcock 


A small valve which will satisfy a 
long-felt need in laboratory and pilot 
plant is now available from the Lough- 
borough Glass Co. The barrel and side 
arms are made from Pyrex glass and 
the key is made from P.T.F.E. This 
latter component requires no lubrication 
and will not seize even in the presence 
of strongly alkaline solutions. The sur- 


face of the key has dimples which de- 
form when the retaining cap is tightened 
so that an excellent seal is obtained 
suitable for medium vacuum work. The 
bore of the cock is 3 mm. Loughborough 
Glass Co. Ltd., Loughborough, Leicester- 
shire. 

BCE 6759 for further information 


Magnetic Brakes 
Newman Industries have extended the 
range of magnetic brakes which can be 
built into their three-phase motors. 
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The legend to the annotated diagram of the 
Newman magnetic brake is as follows: (1) brake 
disc; QQ) steel hub; (3) motor shaft extension; 
(4) steel driving pins; (5) armature; (6) guide pins; 
(7) dise clamping springs; (8) non-drive end 
bracket; (9) cast iron plate magnet; (10) springs; 
(il) set screws; (12) adjusting locknut; (13) manual 
release screws; (14) cover; and (15) locknuts. 


Eventually the brakes will be supplied 
in a torque range of 3-120 lb./ft covering 
a motor horse-power range of fractional 
up to 40. On motors above 3 hp alterna- 
tive brakes can be provided, one having 
a retarding torque just in excess of the 
full motor torque and the other 14 times 
the full motor torque. The brakes are 
extremely rapid in action and are of the 
fail-to-safe type. Newman Industries Ltd., 
Yate, Bristol. 


BCE 6760 for further information 


Dual-mould Automatic Injection 
Moulding Machines 


A recent design of injection-moulding 
machine is provided with two moulds. It is 
therefore capable of achieving a higher 
output without increasing the overall size 
and price of the machine or the complexi- 
ties and expense of the moulds. Design is 
based on the fact that when moulding 
plastic articles, the comparatively high 
proportion of the total cycle time used 
for injection anc ejection can be used 
for cooling if two moulds are available 
and thus make more intensive and effi- 
cient use of the facilities provided on the 
machine. Yet such a machine must 
remain comparatively simple in construc- 
tion and avoid the shortcomings of 
rotary multi-stage machines which suffer 
from unnecessary complexity and high 
mould costs. The basic principle of 
operation of the Polymat machines is the 
use of “Dual Moulds”, i.e., two identical 
or similar moulds are mounted on a 
mould plate which rotates 180° round a 
centre pivot in alternating directions at 
every cycle. Thus, while one mould is 
placed against the injection nozzle, the 


other is being cooled on the opposite side 
of the mould plate. The finished mould- 
ing is ejected before the cooled mould 
returns to the filling position for its next 
charge. The entire cycle is automatic 
and continuous. John Kimbell & Co. 
Ltd., 4 South Lambeth Place, London, 
S.W.4. 

BCE 6761 for further information 


Pump for Corrosive Liquids 
The main part of this pump is a rotor 
with longitudinal grooves into each of 
which fits a free roller. The combined 
action of centrifugal force and liquid 
pressure forces the rolls against the walls 
of the cylindrical pump barrel which is 
eccentric with respect to the rotor. The 
inlet and outlet connections are situated 
at the sides of the cylindrical housing. 
The pump and its parts can be supplied 
in a range of materials. Thus the rotor 
can be supplied in Ni-resist, the shaft in 
18/8 stainless steel, the housing and con- 
nections in hard chromium-plated pearlite 
and the rollers in rubber or nylon. Two 
sizes of pump are available, one with 
a capacity of 250 |. per min. and a de- 
livery pressure of 15 atm. and the other 
with an output of 901. per min. for a 
pressure of 25 atm. Lindinger Agro Co. 
A.S., Bulow Agro Co., Copenhagen, Den- 
mark. 
BCE 6762 for further information 


Non-electric Magnetic Drum Separator 

A separator which meets all the re- 
quirements of the modern heavy media 
recovery flow sheet has among its 
advantages the elimination of densifier. 
This demands a magnetic concentrate of 
at least 2.2 sp. gr. when using magnetite, 
and the desirability of treating the 
effluent from the wash screens directly 
without pre-thickening makes it essential 
to achieve the maximum magnetite 
recovery even with very dilute slurries. 


The 30-in. dia. drum, provided with 
expendable stainless-steel outer covers, 
and available in widths up to 72in., is 
energised by a powerful multipolar per- 
manent magnet unit. Single-stage 
recovery at a feed rate of 80gpm per 
foot of magnet is exceptionally high 
under a very wide range of feed con- 
centrations, and recoveries as high as 
99.6% at 1.38% magnetite in feed (by 
weight) have been obtained. This repre- 
sents a magnetite consumption of less 
than a tenth of a pound per ton of coal 
washed, based on an average of 150 gal. 
of wash water per. ton of coal. A clean 
magnetite concentrate of 2.4 sp. gr. is 
produced, independent of feed concen- 
tration. Rapid Magnetic Machines Ltd., 
Lombard Street, Birmingham, 12. 

BCE 6763 for further information 


Crusher Control 

By means of two electronic relay units 
it is possible to stop an electric motor 
when it becomes dangerously overloaded 
and to start it again once normal operat- 
ing conditions have been restored. 

A typical application is a conveyor- 
fed crusher which is to be protected 
from overloading. By means of an over- 
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BCE 6714 for further information 


90 Foot Rotary 
dryers for the 
Chemical 
Industry 


Head Wrightson Stockton Forge were 

responsible for supplying two 90 ft. 

rotary dryers and four ball mills 

to I.C.I. Limited’s new fertiliser plant. 

The dryers are among the largest machines of this type ever to be built. 


Head Wrightson have specialised in the design and manufacture of 
drying and grinding equipment for the Chemical 

and Mining industries for many years and have installed similar 
equipment in many plants in this country and abroad. 


Please write for further information or telephone Stockton 65268. 


HEAD WRIGHTSON STOCKTON FORGE LTD 


STOCKTON FORGE WORKS - STOCKTON-ON-TEES 


LONDON JOHANNESBURG . TORONTO . SYDNEY CALCUTTA 


January, 1960 
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load relay in the motor circuit, the 
conveyor drive can be stopped before 
the crusher motor approaches an over- 
loaded condition. The conveyor motor 
can be made to start up again when the 
load upon the crusher motor falls to a safe 
value. 

The units in combination can also be 
used as a direct on-off control and by 
linking the overload relay with a single- 
stage timer, an automatic restart can be 
made after the elapse of a set time 
interval. Alternatively, a cyclic timer can 
be used if a succession of restarting 
attempts is the normal requirement. 
Elcontrol Ltd., Hitchin, Hertfordshire. 

BCE 6764 for further information 


Intensive Mixer 


A range of double rotor intensive 
mixers for high-speed uniform mixing of 
all types of plastic and rubber compounds 
was introduced recently by Fawcett, 
Preston & Co. Known as the Bolling 
Spiral-Flow, they are particularly suited 
to polythene and butyl rubber where high 
temperatures are necessary. By employing 
flood lubrication temperatures up to 
400°F can be permitted. The mixer is 
made in a range of five sizes starting with 
the size No. “0”, with a batch capacity of 
11 Ib. of 1.50 specific gravity stock. This 
model is designed for laboratory or small 
production work. At the opposite end of 
the range is size No. 12, with a batch 
capacity of 600 Ib. of 1.50 specific gravity 
stock. This machine requires a motor of 
hp in the range 450-750. They all have 
spiral flow sides heated or chilled through 
the same passages, accessible for cleaning 
from outside. The rotors are of best-grade 
cast steel with Stellited flights and full- 
circle shroud flanges. The mixers are 
complete with all necessary control equip- 
ment for air, steam and water services. 
Various rotor speeds are available to suit 
each particular application. Faweett, 
Preston & Co.. Ltd., Bromborough, 
Cheshire. 
BCE 6765 for further information 


Unit-type Shaft Seals 
To meet the need for simple and in- 
expensive shaft seals for small pumps 
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for low-pressure duties, the Morgan 
Crucible Co. have recently introduced 
two unit-type seals. The first, known as 
the Unit seal, consists of a carbon ring 
bonded to a synthetic oil- and heat- 
resisting rubber bellows enclosing a 
stainless-steel spring. For this design 
there are detail modifications. The second 
seal, the Positive-drive unit seal, is 
similar, except that in this case the 
assembly is an easy push-fit into a 
pressed brass driving cap. This latter has 
indentations into which the driving lugs 
of the carbon ring fit when the seal is 


compressed to the full extent of its work-- 


ing length. 

The advantages claimed for these 
seals are low initial cost, ease of fitting, 
trouble-free operation at all speeds, long 
life and compactness. In addition, they 
are unaffected by dirty liquids, they will 
tolerate temperatures as high as 100°C, 
and they will seal effectively against 
pressures in either direction; normally 
the pressures up to 10 psi differential can 
be contained, but higher pressures also 
can be accommodated. The Morgan 
Crucible Co. Ltd., Battersea Church 
Road, London, S.W.1. 

BCE 6766 for further information 


Carbon Vanes for Pumps 
A range of self-lubricating carbon 
vanes obtainable from the Morgan 
Crucible Co. is suitable for sliding-vane 
type pumps and compressors, especially 
where the service conditions are damp 
and corrosive. Since these vanes are self- 
lubricating, they are also particularly 
suitable where air or gases have to be 
handled without becoming contaminated 
by oil. Three grades of carbon are avail- 
able, the choice for a particular applica- 
tion depending upon the operating 
conditions, such as the gas or liquid to 
be handled, the peripheral speed, type of 
rotor, differential pressure, and whether 
radial or inclined slots are used in the 
pump or compressor. The Morgan 
Crucible Co. Ltd., Battersea Church 
Road, London, S.W.11. 
BCE 6767 for further information 


Accurate Temperature Controller 

Claimed to be the most accurate tem~ 
perature controller commercially avail- 
able, a new platinum-resistant thermo- 


meter has an accuracy of +0.025°C at 
1000°C. This high degree of accuracy 
can be maintained for months and years 
continuously. The instrument is suitable 
for the close control of processing equip- 
ment operating at temperatures up to 
1200°C. The thermometer circuit consists 
of an a.c.-powered Wheatstone bridge, 
the pre-set arm of which consists of a 
1000-ohm potentiometer graded in 4000 
steps, each being 0.25°C. The out-of- 
balance voltage from the bridge is am- 
plified by a two-stage amplifier giving a 
gain of approximately 2000. The degree 
of out of balance, that is, temperature 
error, is displayed by a “magic eye” in- 
dicator having two degrees of sensitivity. 
The instrument is readily applied to 
automatic control systems, Winston Elec- 
tronics Ltd., Shepperton, Middlesex. 


BCE 6768 for further information 
Condenser for Corrosive Vapours 


Exceptional resistance to corrosion is 
offered by a new design of condenser 
which utilises a graphite heat-exchange 
element. This condenser avoids the 


VAPOUR 


SERVICE FLUID 


CONDENSATE 


tubular type of construction, since the 
vapour condenses in the core holes of 
the element and the coolant, which is the 
shell-side fluid, flows through the slotted 
outer surface. The header boxes are also 
constructed from graphite and the shell, 
normally of mild steel, can be provided 
with a resistant lining if a corrosive fluid 
is used for cooling purposes. The heat- 
transfer performance is good and the 
rates that can be obtained are three to 
four times greater than those obtained 
with a comparable glass exchanger. The 
overall condensing coefficient obtained 
in the case of isopropyl alcohol with 
these condensers is 160 Chu/sq. ft °C hr. 
Eight sizes of condenser are available 
with heat-transfer surfaces ranging from 
4 to 200 sq. ft. Powell Duffryn Ltd., 8 
Great Tower Street. London, E.C.3. 


BEC 6769 for further information 
Miniaturised pH Meter 
The increase in the number of instru- 


ments required in modern process control 
has led to the development of a whole 
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BCE 6715 for further information 


The use of BELLOWS in Chemical Engineering 
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$ AND Fol temperature and pressure, expansion joints Illustrated descriptions are 
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may be required. The bellows type expansion 
joint has in the past few years become 
standard equipment, being now recognised as 
extremely efficient. ‘Teddington engineers have 


given of the many and 
varied problems that 
Teddington Bellows 
Expansion Foints can over- 
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N ; played a leading part in the introduction of come. If you did not 
‘ P stainless steel bellows expansion joints to the secure your copy at the 
; chemical industry and can be relied on to Engineering Exhibition, 
; co-operate fully with design and plant engineers please write for one. 
Y a. who are confronted with pipe problems. 
N aT ac ae 
IN PIPELINES ISOLATING PUMP MOVEMENT SEALING VALVE STEMS 
Restrained double units operate in shear In the pipework connected to a pump, Bellows units provide an absolutely leak- 
to accommodate large movements with restrained double units fitted at right- proof seal on valve stems. 
negligible anchor leads. Two restrained angles to the plane of vibration will 
double units can be used to make a very operate in shear to accommodate the 
” flexible, small dimension pipe loop for movement and protect the pipework. 


large expansion. 
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range of miniaturised instruments for 
measuring temperature pressure, level and 
flow. The first industrial pH meter in this 
form is announced by Electronic Instru- 
ments. This industrial pH meter occupies 
60% less panel area and may be used 
in conjunction with any of the conven- 
tional miniaturised recorders or con- 
trollers. The performance of the 
miniaturised pH meter is identical to that 
of the standard instrument and servicing 
may be carried out by simply opening 
the glass-fronted door and withdrawing 
the entire chassis. Electronic Instruments 
Litd., Lower Mortlake Road, Richmond, 
Surrey. 

BCE 6770 for further information 


3000-Ib. Rating Hydraulic Four-way 
Valve 
A new range of i pneumatically- 
operated four-way valves for the control 
of double-acting hydraulic rams 
eliminates the need for two three-way 
valves of the conventional type. These 
valves, whieh are suitable for operation 
either through a manual pilot or an 
electric timer, are operated by a single 
diaphragm top. This simplification is 
achieved by using the line pressure to 
operate one section of the valve on a 
differential area principle. A two-way 
valve may also be installed in one of the 
cylinder lines to allow the ram to be 
stopped in any position desired. The 
water hammer or shock due to sudden 
release of pressure in the valve is 
eliminated by the use of V-slots in both 
inlet and drain seat rings of the valves. 
The valves are suitable for hydraulic 
working pressures from 200 psi up to 
3000 psi (non-shock) at temperatures up 
to 140°F, and are made in sizes } in., 
1 in., 14 in. and 2 in. A 300-lb rating 
four-way valve is also available in sizes 
} in. and 1} in. only. Hunt & Mitton 
Ltd., Ooozells Street North, Birmingham, 
1. 
BCE 6771 for further information 


Rotary Drier and Cooler 

A unit designed originally for the 
drying of sand but with obvious poten- 
tialities for the drying of other granular 
materials is now available from Modern 
Furnaces & Stoves. It consists of a rotary 
drum equipped with flights in which is 
fitted a rotating gas- or oil-fired heat ex- 
changer. The material to be dried comes 
into contact with the hot surface of the 
exchanger which rotates with the drum, 
and the material is therefore treated 
without coming into contact with the 
products of combustion. 

The drier is fed by means of a hopper 
and by a system of buckets arranged on 
the periphery of the drum. This latter 
directs the material into the annular space 
between the drum and heat exchanger. 
From the drying section the material is 
conveyed by the action of the flights 
into the cooling section, where the 
material falls through an induced draught 
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of cold air. Entrained solids are recovered 
from the air stream by means of a 
cyclone connected to the discharge of the 
induced-draught fan. 

The entire unit complete with burner 
is mounted upon a substantial bedframe 
provided with elevating screws for 
adjusting the tilt of the drum. The rate 
of passage of material through the unit 
can therefore be varied. Two sizes are 
available, one capable of a throughput 
of one and the other of two tons per 
hour for a feed containing 5% moisture. 
Fuel consumption for the complete dry- 
ing of a granular product with this 
amount of moisture is around 500 cu. ft 
of gas or 1.3 gal. of oil per ton of dry 
product. Modern Furnaces & Stores Ltd., 
Booth Street, Handsworth, Birmingham, 
21. 


BCE 6772 for further information 


Slide Rule for Calculating Water 
Distribution 
A slide rule with a vertical attach- 
ment has been invented in Israel. It is 
claimed to speed up considerably cal- 
culation of water distribution and flow 
in pipelines. Before this, water flow in 
networks were computed either on an 
electric analyser or by a tedious pro- 
cedure based on trial and error calcula- 
tions of flow and distribution in pipe- 
lines that are composed of various pipe 
diameters and lengths. Calculations of 
this type are constantly required, not 
only in determining the behaviour of 
water in future lines, but in extensions 
and repairs on existing ones. By a ver- 
tical as well as horizontal attachment on 
the rule, all diverse factors of diameters, 
lengths, velocities and types of pipe ap- 
pear each as a unit of measure, and the 
rate of flow of water through the various 
sections can immediately be determined. 
In converse, given amounts of water can 
be planned to flow by the introduction 
of various pipes and fittings in accord- 
ance with the answers which the slide 
rule records. Technion, Institute of Tech- 
nology, Israel. 
BCE 6773 for further information 


Flow Sheets for Contact Sulphuric 
Acid Plants 


More than 750 variations of sulphur- 
burning contact sulphuric acid plants are 
possible. Consequently, the would-be 
purchaser of such a plant has a wide 
field to choose from. To facilitate the 
task of selection the Chemical Construc- 
tion (G.B.) Ltd. have produced a 
brochure which includes a pictorial flow 
sheet to which are attached a series of 
flaps. Each of these contains a flowsheet 
alternative. For example, raising the flap 
depicting a fire-tube waste-heat boiler 
downstream of the sulphur burner reveals, 
as an alternative, a forced-circulation type 
of boiler which is to be preferred for 
plants of approx. 200 tpd output or more. 























Each major item of plant is treated in 
this way, and is also provided with a 
description of its function. Where an 
alternative is available, the reason for 
its use is given. 

The use of colour is effective. The 
basic plant is indicated by means of 
brown numerals, and the alternative 
equipment is shown by blue numerals. 
A check card is provided upon which 
the sulphuric acid manufacturer can 
record his choice of plant. In addition to 
its value in buyer-purchaser relations, 
this brochure should prove extremely use- 
ful to students and teachers of chemical 
engineering, since it is an excellent means 
of demonstrating the diversity of sul- 
phuric acid plants. The Chemical Con- 
struction (G.B.) Ltd., 9 Henrietta Place, 
London, W.1. 


BCE 6774 for further information 


Flame-proof Electronic Gauge 

A new electronic tank gauge for use 
on deep storage tanks is obtainable from 
Firth Cleveland Instruments Ltd. The 
new model is housed in a ductile iron 
case and is flameproof. This new Gil- 
barco gauge retains all the features of the 
older aluminium-cased model, including 
accuracy in the field to yy in. and in the 
laboratory to ,, in. The gauge reads 
the true level of the liquid in ft, in. and 
vs in., regardless of its specific gravity. 
It is power-actuated to overcome the 
effect of varying friction in pulley sheaves 
and the variation in the weight of the 
measuring element at high and low liquid 
levels. It can provide the data necessary 
for a co-ordinated system of remote 
transmittion. The gauge can be equipped 
for automatic selection of temperature- 
averaging resistance thermometers, and 
can be fitted with high- and low-level 
alarms. 

Corrosion-resistant materials are used 
in its construction and it can be installed. 
serviced, re-calibrated and maintained 
without taking the tank out of service. 
The gauge will also measure the interface 
between two immiscible liquids. In large 
tank farms the gauge on each tank can be 
connected to a null-balance receiver for 
remote liquid level and average tempera- 
ture readings. The standard receiver is 
equipped to read this data from 30 tanks. 
A means of remotely checking and prov- 
ing the accurate operation of each gauge 
from the instrument house is_incor- 
porated in the receiver. An air-purged 
version of this can be supplied for 
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BCE 6716 for further information 


So simple! 


So surely SIMPLIFIX 
the foolproof 


coupling! 


Simplifix couplings form a perfect joint 

on almost any kind of tubing including 
those with very thin walls. All that is 
required is tightening with a spanner — 

no special work is required on the tube and 
the anti-friction washer prevents the tube 
twisting when the nut is tightened. 
Simplifix couplings are suitable for all 
pipe line systems up to 2” o.d. In a wide 
range of interchangeable standard fittings. 
Non-standard fittings of all kinds can 

also be made to order. Write for further 
information and fully illustrated catalogue. 


SIMPLIFIX COUPLINGS LIMITED 


SIMPLIFIX suns «aL: MAIDeDuMAD 510 


A member of the ALENCO Group 
of Companies 
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mounting in hazardous areas. Firth 
Cleveland Instruments Ltd., Stornoway 
House, Cleveland Row, St. James’s, 
London, S.W.1. 


BCE 6775 for further information 


Interchangeable Argon and Flame 
lonisation Detectors 


New argon and flame ionisation detec- 
tors have been introduced by Shandon 
as an important addition to their Univer- 
sal Gas Chromatograph. These two new 
detectors, and the new high-efficiency 
amplifier designed for use with them, 
are readily interchangeable with the 
flame detector in existing equipment. The 
argon detector is also an extremely 
sensitive detector with applications simi- 
lar to the flame ionisation unit. The car- 
rier gas is argon, which emerges from 
the column into a weak radioactive field 
in the detector. A potential of about 
2000 V, supplied from batteries, is ap- 
plied at the electrode. Ionisation of the 
fractions as they are eluted causes a 
variation of current. The resultant sig- 
nal is fed to the same amplifier and 
control unit as is used with the flame 
ionisation detector. 


A versatile new amplifier enables users 
of the equipment to obtain the maximum 
possible value from the sensitivity of 
flame ionisation and argon detectors. The 
high sensitivity of flame ionisation and 
argon detectors allows full advantage to 
be taken of the efficiencies—up to 
30,000 theoretical plates —- obtainable 
from a 50-ft column. Furthermore, the 
instrument may now be fitted with any 
available type of sample-injection system 
for both liquid and gas samples. In 
general, the makers claim that the unique 
modular design allows for all foreseeable 
developments to be incorporated at 
minimum cost. Shandon Scientific Co. 
Ltd., 6 Cromwell Place, London, S.W.7. 


BCE 6776 for further information 


Refrigeration Units for Air 
Conditioning 


In a new unit use of a “packaged” 
compressor is claimed to make the 
refrigerating set one of the most up-to- 
date available. It is a high-duty refrigera- 
tion unit specially designed for air- 
conditioning installations in large 
buildings but usable for refrigeration 
plants in chemical works, breweries and 
cold stores of all kinds. The refrigerant 
used is Freon 12 and the, high efficiency 
of the turbo-compressor is enhanced by 
interstage flash cooling. Capacity is 
between 1,500,000 Btu/hr (125 tons) and 
9,500,000 Btu/hr (800 tons). The set com- 
prises the turbo-compressors, condenser 
and evaporator, ready assembled for ease 
of erection on site. It is said to be quiet, 
vibration-free and of low weight, giving 
high plant efficiency as a result of multi- 
stage compression of the Freon gases 


and two-stage expansion. Sulzer Bros. 
(London) Ltd., 31 Bedford Square, Lon- 
don, W.C.1. 

BCE 6777 for further information 


New Publications 


“The Prevention of Fire.” This gives 
details of the work of the Fire Protec- 
tion Association in respect of their In- 
formation Centre, Standard Recommen- 
dations and Advisory Publications. Fire 
Protection Association, 31/45 Gresham 
Street, London, E.C.2. 

BCE 6778 for further information 


Protective gloves for industry have to 
be chosen with great care. They must 
provide complete protection under the 
conditions of the work being performed, 
and they must be “usable” for a par- 
ticular job, otherwise safety and protec- 
tion will not go hand in hand if the 
glove hinders the operation of the 
worker. 

Modern industry presents many prob- 
lems in combining these two essential 
qualities in one glove and, consequently, 
a very wide range of carefully designed 
gloves is needed to fit in with all indus- 
trial demands. Protective gloves for many 
industries has been the subject of special 
study for many years by Waddington’s 
of Hull, who have developed a wide 
range of safety gloves which includes 
several hundred different types. Full 
details are given in Waddington’s hand- 
book of “Furno” industrial gloves and 
protective clothing. G. Waddington & 
Son Ltd., Newland, Hull, Yorks. 

BCE 6779 for further information 


“Plastics Serve Everyman.” A 12-page 
booklet for the general reader. Distillers 
Plastics Group, Piccadilly, London W.1. 

BCE 6780 for further information 


Special Advanced Courses Northern 
Region Session, 1959-60. The courses 
shown cover both technology and com- 
merce. The majority are specialised and 
designed for those at or about graduate 
level, but a few others of a non- 
specialised character have been included 
as being of value to industrial and com- 
mercial personnel. Special Advanced 
Courses Sub-Committee, Northern Ad- 
visory Council for Further Education. 
Grosvenor Road, Newcastle upon Tyne, 
2. 

BCE 6781 for further information 


Bulletin of Advanced and Special 
Courses. This lists the same types of 
course as the above but for a different 
area. Regional Advisory Council for the 
Organisation of Further Education in the 
East Midlands, Bridlesmith Gate, 


Nottingham. 
BCE 6782 for further information 


“Training Services in Industry.” In this 
booklet is an account of the development 
of training schemes and advisory ser- 


vices. It describes the main functions 
of these services under the headings 
“Provision of information”, “Practical 
training and training aids”, “Super- 
vision of training and further educa- 
tion”, “Recruitment”, “Selection and in- 
duction”, “Indenture and registration”, 
“Tests and certificates” and “Research 
into training methods”. Descriptions are 
given of the services which have been 
set up in the iron and steel, engineering, 
chemicals and other industries. For com- 
parative purposes a brief summary of the 
training arrangements in the nationalised 
industries is included. Services and as- 
sistance also available to employers from 
the Ministry of Labour and a number of 
voluntary bodies find a place in the 
booklet. Industrial Training Council, 
Smith Square, London, S.W.1. 

BCE 6783 for further information 


A brochure, “Plastic Coating, Spraying, 
Dipping, Casting”, illustrating a few of 
the wide range of goods sprayed, dipped 
and slush cast in a new modern factory. 
Plastic coating, by combining the pro- 
perties of plastics with the rigidity and 
strength of metal, offers a new design 
approach described in the publication. 
Durable Plastics Ltd.. Woodbridge In- 
dustrial Estate, By-Pass, Guildford, 
Surrey, England. 

BCE 6784 for further information 


“Neumo” pumps can be supplied to 
pump anything that flows and all pumps 
are variable in delivery from their maxi- 
mum to nil. They are air or steam 
operated and safe for use with low-flash 
point liquids and for use in flame- 
proofed areas. In the motor a dead posi- 
tion has been completely avoided and, 
no matter the position in which the valve 
or piston comes to rest, the motor will in 
all cases function normally immediately 
air is supplied. The brochure, “The 
Neumo Range of Pumps, Their Basic 
Principles and Design”, is obtainable from 
Neumo Ltd., South Coast Road, Peace- 
haven, Sussex. 

BCE 6785 for further information 


Bulletin of Special Short Courses (in- 
cluding special short courses in higher 
technology), 1959-60. Regional Council 
for Further Education for the South- 
West, 12 Lower Castle Street, Bristol, 1. 
This Bulletin provides advance notice of 
courses to be offered in the Region 
during session 1959-60. Many are of a 
post-graduate nature, but others, although 
not of that level, are equally worthy of 
attention: 

BCE 6786 for further information 


Further Education (Art. Commerce 
and Technical courses) in the South- 
West, 1959-60. This booklet summarises 
the facilities for vocational education and 
training in the south-west and gives 
courses classified into: (i) full-time, (ii) 
full-time “sandwich” courses, (iii) part- 
time day or day and evening courses, 
and (iv) part-time evening courses. There 
is also a detailed index. Regional Council 
for Further Education for the South- 
west, 12 Lower Castle Street, Bristol, 1. 

BCE 6787 for further information 
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BCE 6717 for further information 
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in connection with high pressure 


ERMETO HIGH PRESSURE COUPLINGS are specified by many 
leading manufacturers, because they are the most reliable 
fittings on the market for every high pressure installation. 
Our catalogue illustrating the full range of standard 
fittings will be sent to you on request. Non-standard 
fittings can also be made to suit your specification. 

Our technical experience is at your service. 


ERMETO BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD + MAIDENHEAD + BERKS - TELEPHONE: MAIDENHEAD 5100 - Amember of the ALENCO Group of Companies 
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Month’s News in Brief 


First Hydrorefining Plant 
Contracts Placed 

Port Talbot Chemical Co. Ltd., formed 
jointly by the Steel Company of Wales 
Ltd. and Lincolnshire Chemical Co. Ltd., 
have now placed contracts for the first 
hydrorefining plant in Great Britain to 
refine coke-oven crude benzole to pure 
benzene. The plant is designed to treat 
4.5 million gal. of crude per annum and 
provision has been made for doubling 
capacity. The plant uses coke-oven gas 
as the source of hydrogen. The hydro- 
refining plant itself is being supplied by 
Lurgi, of Frankfurt, Germany, with 
Simon-Carves Ltd. responsible for erec- 
tion, the procurement of English supply 
equipment and the installation of elec- 
trical equipment and _ instrumentation. 
The new plant is programmed to start up 
towards the end of 1960, and Cremer 
& Warner have been appointed consult- 
ing engineers for the project. 

Hydrorefining of crude benzole has 
become almost standard practice in Ger- 
many, Japan and many continental coun- 
tries where- low-sulphur benzene is in 
demand, and the unit will be capable of 
meeting the increasing demand for low- 
sulphur benzene in this country. In addi- 
tion, the process overcomes the trouble- 
some effluent problem and high physical 
losses associated with conventional acid 
refining. The distillation equipment in- 
corporating the Montz plate has been 
designed in conjunction with R. & J. 
Dempster Ltd. to produce maximum 
yields of 5.35 crystallising-point pure 
benzene on a continuous unit. Low- 
sulphur nitration toluene, xylene and 
special high flash naphtha with improved 
acid wash test and colour stability will 
be produced in a vacuum batch column 
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A view of the carbonylation alcohol operated 


by LCJ.’s Heavy Organic Chemic Division at 


Billingham, Co. Durham. 
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and still. The new works will be within 
the Port Talbot works of The Steel 
Company of Wales, whose coke ovens 
will supply the crude benzole and coke- 
oven gas. The necessary storage and an- 
cillary plant and an administration and 
laboratory block will make the works 
fully self-contained. 


U.K.’s Largest Alloy Spun Ends 

G. A. Harvey & Co. Ltd. have recently 
delivered to a well-known fabricating 
company what are believed to be the 
largest spun aluminium ends ever pro- 
duced in the United Kingdom. These 
“Rotarprest” aluminium alloy ends have 
an inside diameter of 10 ft and are 1% in. 
thick. Each end was spun from two 
plates (BA. 28-N.P.5/6) and butt welded 
to form a flat disc 12 ft in diameter. 

Special methods of fabricating, de- 
veloped by the company’s Research 
Department, had to be used in the manu- 
facture of the ends to prevent scoring or 
galling from the steel tools used in the 
spinning process. Furthermore, as _ the 
maximum temperature of the particular 
aluminium alloy used for the ends is 
critical, G. A. Harvey, who previously 
were used only to handling all types of 
steels, stainless steels and high nickel 
alloys, had also to develop a technique 
of heating the aluminium alloy plates at 
the normal furnaces used for heating 
large steel plates. 

Whereas with mild steel a_ scaling 
allowance has to be made, coupled with 
the fact that the processes used may have 
resulted in thinning, a spokesman for 
the company stated that in practice it 
was found that neither of these allow- 
ances proved to be necessary with the 
aluminium alloy ends. He also stated that 
research work on the handling of special 
aluminium alloys is being intensified at 
the company’s works at Greenwich. 


1.C.1. to Make Isodecanol 

Isodécanol has now been added to the 
sales range of carbonylation alcohols 
manufactured by the Heavy Organic 
Chemicals Division of L.C.I. on Tees-side. 
This is the first time that commercial 
quantities of isodecanol have been made 
in Britain. Isodecanol is a mixture of 
branched-chain primary alcohols which 
is esterified with phthalic anhydride to 
produce the plasticiser D.I.D.P. (di- 
isodecyl phthalate). This plasticiser gives 
enhanced properties to P.V.C. products 
such as electrical cable and calendered 
film. Amongst the important characteris- 
tics so far established for D.1.D.P., such 
as good low-temperature and electrical 
properties and low density, its high per- 
manence on thermal ageing is particularly 
notable. In a typical composition contain- 
ing 33% by weight of plasticiser, the loss 
in weight of D.I.D.P. on heating for 24 hr 
at 100°C was only 0.3% (D.O.P. 0.5%) 
and for 350 hr at 100°C only 3.8% 
(D.O.P. 17.4%). Other carbonylation 
alcohols made by L.C.I. are iso-octanol, 
“Alphanol” 79, nonanol, n-butanol and 
isobutyl alcohol. 


View showing the aluminium alloy ends, the 
largest ever manufactured by G. A. Harvey and 
possibly the largest in the United Kingdom, being 
processed at the company’s works at Greenwich. 


News Briefs 


G. A. Harvey & Co. (London) Ltd. 
have recently delivered the first of two 
120-ft absorber columns to the South 
Eastern Gas Board’s Isle of Grain 
works. They are part of the high- 
pressure oil gasification installation now 
being built by the Woodall-Duckham 
Co. Ltd. The absorbers, Class 1 welded 
throughout, designed for operation at a 
working pressure of about 20 atm. (300 
psi), are for the high-pressure CO: 
removal plant. They weigh approximately 
100 tons each and are 9 ft 4 in. overall 
diameter. 

In order to keep abreast of the rapid 
progress in the plastics industry, Shell 
have established a new plastics research 
centre at Delft in the Netherlands. 

The new Petrolite facilities at Kirkby 
Industrial Estates, near Liverpool, are 
rapidly progressing toward planned com- 
pletion on January 1, 1960. The new 
facilities will manufacture the full line 
of oil industry chemicals as offered by 
demulsifiers, corrosion inhibitors, water 
flood additives, fuel additives and scale 
preventives. Petrolite’s Kirkby works will 
be supervised by C. N. Stehr, managing 
director. 

The British subsidiary of The Dow 
Chemical Co., of Midland, Michigan, 
U.S.— Dobeckmun Britain Ltd. — has 
changed its name to Dow Chemical Co. 
(U.K.) Ltd. and broadened the scope of 
its activities. The company will take 
over direct sales of Dow-produced 
packaging films such as Trycite (Dow 
polystyrene film), Saran.Wrap (Dow 
vinyl-vinylidene chloride copolymer film 
and polyethylene film. It will also super 
vise the sales of Dow U.S- and 
Canadian-produced industrial chemicals, 
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Mild steel casing consisting 

of two Shells. Bottom shell 
7°5” diameter x 17’, top shell 
6’6” diameter x 17’ 
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The answer is—dozens! For our specialised 
fabrication work embodies so many varied 
engineering skills. Customers call us in 
where individual quality and precision are 
vital. We fabricate in mild and stainless steels, 
and also cast in iron and all ferrous alloys, 
to meet your most exacting specifications — 
whether for fabrications or foundry work. 


WIDNES foundry and engineering co Itd 


Approved by Lloyds for class II welding for pressure vessels 


Lugsdale Road - Widnes - Lancashire - Telephone Widnes 2251/4 and 2889+ Telegrams ‘Foundry Widnes’ 
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plastics and magnesium in the United 
Kingdom. 

Aerox Ltd. have, as a result of the 
steadily increasing demand for aeration, 
filtration and fluidising equipment, ac- 
quired a much larger factory for their 
engineering section at Chalford, Stroud, in 
Gloucestershire. At the new factory they 
will manufacture all forms of equipment 
using porous ceramic filter elements. 
These elements will continue to be made 
at the main Hillington (Glasgow) plant. 
The floor space of the new factory is five 
times greater than that of the old. 

Imperial Chemical Industries has 
agreed to the introduction of a 42-hour 
week—working hours at present are 44— 
for roughly 60,000 of its manual 
workers. The new agreement, it is hoped, 
will become operative on January 4. 

At the autumn research meeting of the 
Institution of Gas Engineers, Sir Harold 
Smith, chairman of the Gas Council, em- 
phasised that the gas industry is a pro- 
gressive industry. He thought that its most 
urgent job was to get the price of gas 
down. There were many new processes 
working or likely to be introduced in the 
next few years. The Gas Council is plan- 
ning a national grid; they are aiming at a 
few large high-pressure gasification or 
hydrogenation stations using cheaper, 
smaller, non-caking coal with the gas 
going into a high-pressure grid. This 
would produce no coke and require no 
road transport. They are also searching 
for sites suitable for underground pres- 
sure storage. 

John Dore & Co. Ltd. have taken over 
additional premises off the High Road, 
Plaistow. The new facilities will be used 
for the fabrication of chemical and allied 
plant in stainless and other steels and 
ferrous alloys. 

Chemical Engineering Wiltons Ltd., of 
Stockport, have concluded an agreement 
with Lurgi-Gesellschaft fiir Chemo- 
technik MBH, under which Wiltons can 
offer in the U.K. activated-carbon solvent- 
recovery plants employing Lurgi pro- 
cesses. 

Shell Chemical Co. Ltd. announce that 
they are to establish a plastics laboratory 
at their Carrington works, near Man- 
chester. The laboratory, expected to be 
completed by 1961, is to support Shell's 
manufacturing and marketing of poly- 
styrene and high-density polyethylene and 
future polypropylene and low-density 
polyethylene production. 

Firth Cleveland Pumps Ltd. announce 
that they are to manufacture under licence 
the range of self-priming, multi-stage 
centrifugal pumps designed and developed 
by Dickow-Pumpen of Wailkrayburg, 
West Germany. Firth Cleveland will sell 
the pumps in all parts of the world. 

Combining to form the Instrumentation 
Division of A.E.I. Ltd. are Sunvic Con- 
trols and the Instrument and Meter, 
Scientific Apparatus and X-Ray Depart- 
ments of Metropolitan-Vickers Electrical 
Co. Ltd. The change-over becomes effec- 
tive on January 1, 1960. In line with the 
former announcement, Birlec Ltd. will 
change to A.E.1.-Birlec Ltd. on the same 
date. 

John Thompson Ltd. have opened a 
branch office in Buenos Aires, Argentina. 
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Metering Pumps Ltd., of Ealing, have 
now introduced a plant hire scheme to 
enable experimental work in chemical 
dosing to be carried out and for the 
effectiveness of new processes to be 
tested. During hire, service will be car- 
ried out at no additional cost and Meter- 
ing Pumps’ technical advice service will 
be freely available to clients. 

The British Ceca Co. Ltd. announce 
that they can supply Clarcel filter aids 
manufactured in France by their asso- 
ciated company, Societé C.E.C.A. The 
full range of Clarcel grades are now 
available for all applications from U.K. 
depots. 

Dorr-Oliver’s offices at Abford House, 
Wilton Road, S.W.1, and the Mechanical 
Engineering Division at 21-22 Manor 
Mount, Forest Hill, have moved to: 


Norfolk House, Wellesley Road, Croy- 
don, Surrey. Tel.: Municipal 2488. 


Contracts 


An order has recently been received 
from the Denver Equipment Co. for 
three classifiers valued at £19,163 (to be 
installed at a copper mine in Haiti) by 
Head Wrightson Stockton Forge Ltd., a 
subsidiary of Head Wrightson & Co. 
Ltd., to handle 500 short tons per day of 
copper ore. 

What are stated to be the largest 
all-plastics structures ever made are being 
fabricated by Cawley Plastics Ltd. for a 
large chemical manufacturer. The con- 
tract is for a number of process towers 
made from dual laminate material, the 
largest single structure being a process 
tower 36 ft high and 4 ft internal dia- 
meter. Chemical storage tanks with capa- 
cities of 6500 gal. are also included. 

Ferranti Ltd. announce they have 
received orders for two general-purpose 
Pegasus electronic computers, the total 
value of which exceeds £150,000. The 
first will be installed at the Road 
Research Laboratory of the D.S.LR., 
where it will be used for all aspects of 
road research calculations. The second 
has been ordered by The Steel Com- 
pany of Wales. Intended primarily for 
research studies, the computer is likely 
to be installed in the Operational 
Research Department at the Abbey 
Works, Port Talbot, within the next few 
months. 

William Boby & Co. Ltd. have received 
contracts for demineralisation plants 
from The British Thomson-Houston Co. 
Ltd. and the Treforest Chemical Co. The 
former is for treating boiler water and the 
latter for the purification of gelatin solu- 
tion. 

Work is to start shortly on a new plas- 
tics factory at Speke, Liverpool, for the 
Metal Box Co. Ltd. The £325,000 con- 
tract has just been awarded to Holland & 
Hannen and Cubitts (North West) Ltd. 
Due for completion in the autumn of 
1960, the single-storey factory will mea- 
sure 270 ft by 250 ft. 

Simon-Carves (Australia) Pty. Ltd. 
have received from the Sulphide Corp. 
(a subsidiary of the Consolidated Zinc 
Corp.) a contract of over £A1 million 
for a lead and zinc sinter plant at Cockle 
Creek in New South Wales. The sinter 


plant will be designed in London by 
Huntington, Heberlein & Co. Ltd. a 
subsidiary of Simon-Carves Ltd., of 
Stockport, but the major part of the 
plant and equipment will be manufac- 
tured in Australia. The sinter plant, part 
of the Sulphide Corp.’s £A8 million 
zinc smelter project, is expected to be in 
operation by March, 1961. 


People in the News 


The Minister for Science has ap- 
pointed Prof. Charles Frederick Carter 
to be a member of the Council for 
Scientific and Industrial Research. He 
takes the place of Prof. E. A. G. Robin- 
son, who retires on completion of his 
period of service. Prof. Carter is Stanley 
Jevons Professor of Political Economy 
and Cobden Lecturer in the University 
of Manchester. He is 40 years old. 
The present constitution of the Research 
Council is: chairman: Sir Harry Jeph- 
cott; members: Sir Eric Ashby; Prof. C. 
E. H. Bawn; Prof. P. M. S. Blackett; 
Prof. C. F. Carter; Mr. H. Douglass; Sir 
Walter Drummond; Sir Willis Jackson; 
Vice-Admiral Sir Frank Mason; Sir 
Harold Roxbee Cox; Dr. C. J. Smithells; 
Mr. L. T. Wright; and secretary: Sir 
Harry Melville. 

Dr. H. R. Ambler has been appointed 
to the newly created post of Scientific 
Adviser to the U.K. High Commissioner 
in New Delhi. In addition to advising the 
High Commissioner on scientific matters, 
he will be responsible for furthering the 
exchange of information between British 
and Indian scientists. 

The appointment of John C. Weyrich 
as manager for Du Pont’s Maydown 
Works at Londonderry, Northern Ire- 
land, has been announced. The May- 
down Works will manufacture neoprene 
synthetic rubber primarily for the British 
and Western European rubber industry. 

Mr. H. P. Forder and Mr A. R. Hay 
have been appointed directors of The 
United Steel Co. Ltd. 

Mr. F. A. Ross, Mr. W. G. A. Jenkins 
and Mr. J. Higginbotham have been ap- 
pointed directors of Edgar Allen & Co. 
Ltd. 

Mr. J. A. Hepworth has been ap- 
pointed chief enginetr of the North 
Thames Gas Board as from January 1, 
1960. He succeeds Dr. J. Burns, who, on 
that date, becomes deputy chairman. 

The following have been elected to fill 
vacancies on the Council of The Institute 
of Metals with effect from the annual 
general meeting on March 29, 1960: as 
President: Sir Ronald Prain, chairman and 
president, Rhodesian Selection Trust Ltd; 
As Vice-Presidents: H. M. Finniston, 
research manager, C. A. Parsons & Sons 
Ltd., and H. W. Hignett, assistant manag- 
ing director, Henry Wiggin & Co. Ltd.; As 
Ordinary Members of Council: R. W. K. 
Honeycombe, Professor of Physical 
Metallurgy, University of Sheffield; 
I. Jenkins, chief metallurgist, Research 
Laboratories, The General Electric Co. 
Ltd.; E. Robson, managing director, The 
Manganese Bronze & Brass Co. Ltd.; 
J. Salter, director, The British Aluminium 
Co. Ltd.; and C. Smith, works director, 
James Booth & Co. Ltd. 
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